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Abstract
Health impacts of the Cambridgeshire Guided Busway:
a natural experimental study
David Ogilvie,1* Jenna Panter,1 Cornelia Guell,1 Andy Jones,2
Roger Mackett3 and Simon Griffin1
1Medical Research Council Epidemiology Unit and Centre for Diet and Activity Research (CEDAR),
School of Clinical Medicine, University of Cambridge, Cambridge, UK
2Norwich Medical School and Centre for Diet and Activity Research (CEDAR),
University of East Anglia, Norwich, UK
3Centre for Transport Studies, University College London, London, UK
*Corresponding author dbo23@medschl.cam.ac.uk
Background: Improving transport infrastructure to support walking and cycling on the journey to and
from work – active commuting – could help to promote physical activity and improve population health.
Aims: To assess whether or not investment in new high-quality transport infrastructure was associated
with an increase in active commuting; wider health impacts of changes in travel behaviour; determinants
of the use and uptake of active commuting; and how changes in travel behaviour were distributed in
the population and related to the wider social context.
Design: The Commuting and Health in Cambridge study, comprising a quasi-experimental cohort study
combined with both nested and supplementary in-depth quantitative and qualitative studies.
Setting: Cambridgeshire, UK.
Participants: A cohort of 1143 adults living within 30 km of Cambridge, working in the city and recruited
in 2009; and a separate sample of 1710 users intercepted on the Cambridgeshire Guided Busway in 2012.
Intervention: The Cambridgeshire Guided Busway, comprising a new bus network using 22 km of
guideway (segregated bus track) accompanied by a traffic-free path for pedestrians and cyclists, opened
in 2011.
Main outcome measure: Change in time spent in active commuting from 2009 to 2012, using a
self-reported measure validated using georeferenced combined heart rate and movement sensor data.
Methods: A delay from 2009 to 2011 in completing the intervention entailed some changes to the
original design and attrition of the cohort. A period of methodological and observational research on
active commuting preceded the evaluation, which was based on a quasi-experimental cohort analysis
together with the intercept and qualitative data. A graded measure of each participant’s exposure
to the intervention, based on the proximity of the busway to his or her home, served as the basis for
controlled comparisons.
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Results: Commuting practices were complex and shaped by various changeable social and environmental
factors. Walking and cycling were often incorporated into longer commuting journeys made predominantly
by car or public transport. In multivariable multinomial regression analyses, exposure to the intervention
was associated with a greater likelihood of a large increase in the proportion of commuting trips involving
any active travel [adjusted relative risk ratio (RRR) 1.80, 95% confidence interval (CI) 1.27 to 2.55], of a
large decrease in the proportion of trips made entirely by car (RRR 2.09, 95% CI 1.35 to 3.21), and of an
increase in weekly cycle commuting time (RRR 1.34, 95% CI 1.03 to 1.76). There was a mixed pattern of
effects at the individual level, with the intervention providing a more supportive environment for active
commuting for some and not for others. There was some evidence that the effect was most pronounced
among those who reported no active commuting at baseline, and observational evidence suggesting a
relationship between active commuting, greater overall physical activity, and improved well-being and
weight status.
Conclusions: These findings provide new empirical support and direction for reconfiguring transport
systems to improve population health and reduce health inequalities. They should be combined with
evidence from research evaluating related environmental changes in other settings, preferably using longer
periods of observation and controlled comparisons, to support more generalisable causal inference.
Funding: The National Institute for Health Research Public Health Research programme.
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Plain English summary
What was the problem?
A shift towards more active lifestyles could be a ‘best buy’ for improving public health. Local authorities
have a role to play in achieving this. For example, they can make it easier for people to walk or cycle as
part of everyday journeys such as going to work. But it can be hard to study the effects of changing
transport systems. This means that there is little good evidence to guide investment.
What did we do?
The Cambridgeshire Guided Busway is a new bus network with a high-quality off-road path for walking
and cycling. It was opened in 2011 and is the longest of its kind in the world. We took the opportunity to
find out more about how people travelled to work and how this changed as a result of the busway.
What did we find?
How people travelled to work depended on many different factors, ranging from childcare to parking. We
studied these and took account of them in our research. We showed that, over time, people living closer
to the busway were more likely to increase their cycling, and less likely to use their car, for commuting
than those living further away. These changes could help to increase their overall physical activity and
improve their health and well-being over time.
What does this mean?
We need to see whether or not similar results will be found in other places. In the meantime, our findings
provide new evidence that changing transport systems can help to improve people’s health.
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Scientific summary
Background
Improving transport infrastructure to support walking and cycling on the journey to and from work – active
commuting – could help to promote physical activity and improve population health. However, there is
limited evidence from intervention studies to guide policy and practice. We therefore took the opportunity
presented by a ‘natural experiment’ to conduct a quasi-experimental study of the effects of new transport
infrastructure on travel behaviour, physical activity and related wider health impacts among commuters.
The study was based around the opening of the Cambridgeshire Guided Busway, the longest guided
busway in the world. Cambridge lies 80 km north of London and has a distinct cycling culture related to its
flat topography, its large student population and the traffic congestion in its historic city centre. The
busway links towns and villages to the north-west of the city with the Science Park, the city centre and the
Biomedical Campus on the southern fringe. Buses run on a completely segregated guideway along most of
the route, and a new high-quality traffic-free path for pedestrians and cyclists is provided alongside the
guideway (www.thebusway.info).
Aims
The aim of the Commuting and Health in Cambridge study (www.cambridgecommutingstudy.org.uk) was
to address the following primary research question:
1. Is investment in new high-quality transport infrastructure associated with an increase in the use of
active modes of travel (walking and cycling) on the journey to and from work?
We also aimed to address the following secondary research questions:
1. What are the wider health impacts of changes in travel behaviour in terms of overall physical activity,
well-being, sickness absence and carbon emissions?
2. What are the determinants of the use and uptake of active modes of travel?
3. How are any changes in travel behaviour distributed in the population?
4. How are travel behaviour and changes in travel behaviour embedded in and shaped by the wider
social context?
5. Are changes in travel behaviour sustained over time?
It was not possible to address the last of these because of the delayed completion of the busway (see
Overall research design).
Methods
Overall research design
The study design was adapted over time to accommodate repeated delays in the completion of the
intervention that were outside the control of the research team. The original design envisaged collecting
the main outcome measures in 2010 and repeating these in 2011 following scheduled completion of the
busway in 2009, but in the event the busway was not opened until August 2011. This allowed for an
extended period of methodological and observational research to enhance the ultimate evaluation, which
was based on quasi-experimental analysis of a cohort of commuters followed from 2009 to 2012 together
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with a survey of busway users and a set of qualitative studies. A graded measure of each participant’s
exposure to the intervention, based on the proximity of the busway to his or her home, served as the basis
for controlled comparisons.
Participant recruitment and data collection
The study comprised four main elements:
1. A cohort study of adults living within approximately 30 km of Cambridge city centre and working in
areas of the city to be served by the busway. Participants were recruited predominantly through
workplaces and surveyed by post. They completed a core questionnaire in 2009 and were invited to
complete annual follow-up questionnaires until 2012. A total of 1143 participants provided valid data
on active commuting at baseline, of whom 470 also did so at final follow-up in 2012.
2. A face-to-face survey of 1710 users intercepted on the busway in 2012.
3. Detailed quantitative studies of the activity patterns of subsamples of the cohort, using household travel
diaries (865 person-weeks of observation) and various combinations of accelerometers, combined
heart rate and movement sensors and global positioning system receivers (2609 person-weeks
of observation).
4. Detailed qualitative studies of subsamples of cohort and intercept survey participants, using over
120 semistructured interviews complemented by a photo-elicitation study, a media analysis and a
participant observation study.
Results
Understanding active commuting
Measurement and patterns of active commuting
Despite 85% of the sample having access to a car, active commuting was a highly prevalent behaviour in
our cohort, reflecting the local background prevalence of cycling and the selection of largely healthy
workers into the cohort. We used synchronous household travel diary and georeferenced combined heart
rate and movement sensor data to validate our primary outcome measure of time spent in active
commuting derived from the core questionnaire, finding relatively small mean differences between the
self-reported and objective estimates for cycling (1.12 minutes per trip) and walking (2.37 minutes per
trip). Although time spent in physical activity overall changed little over the duration of the study, the
median weekly time spent in active commuting declined from 120 minutes to 100 minutes (p= 0.001),
mostly explained by a decrease in time spent cycling.
Relationships with physical activity, health and well-being
Walking and cycling were often incorporated into longer commuting journeys made predominantly by
car or public transport. We used the sensor data to estimate the physical activity energy expenditure
associated with specific travel patterns such as using buses or park-and-ride facilities. On average, 20%
of the duration of these ‘multimodal’ trips was spent above the moderate physical activity intensity
threshold, indicating their substantial potential contribution to commuters’ overall weekly physical activity.
Those who spent more time in active commuting were more likely to record higher levels of overall
physical activity as measured by accelerometer, and reported higher levels of physical well-being.
Role of social factors
Commuting practices were complex and shaped by a multitude of social commitments that were liable to
change. People ultimately adopted the travel patterns that were most compatible with these commitments
and imposed the least burden on themselves and their families. At the same time, both qualitative and
quantitative analyses corroborated a hypothesis that participants’ life stage and socioeconomic
circumstances influenced how far they lived from the city centre, which in turn affected their commuting
behaviour. Social context thus shaped commuting practices not only through changeable social ties, but
SCIENTIFIC SUMMARY
NIHR Journals Library www.journalslibrary.nihr.ac.uk
xxii
also through broader socioeconomic patterns. Commuters did not necessarily regard travel time as wasted
time, and their journeys could give rise to both positive and negative experiences that were also important
in shaping travel patterns.
Role of environmental factors
We confirmed that distance between home and work was an important influence on commuting
behaviour, but we also showed that distance need not present an obstacle to incorporating substantial
quantities of walking or cycling into longer journeys made by car or public transport. Some perceived and
objective features of the environment were associated with active commuting in cross-sectional analyses,
and with the uptake or maintenance of active commuting in complementary longitudinal analyses. The
latter provided important new evidence that interventions aiming to provide safe, convenient routes for
walking and cycling and convenient public transport – such as the busway – might be expected to
promote active commuting. They also identified a strong influence of the provision and cost of workplace
parking, suggesting new targets for intervention and evaluation in future studies. These hypotheses
were further supported by qualitative research showing that people moving home or workplace were
primarily motivated by considerations of convenience, speed, cost and reliability when deciding how to
make their new journey to work.
Evaluating new transport infrastructure
Understanding the intervention
Media analysis clarified the potential for exposure and access to the intervention and the fidelity of its
implementation to vary in time and space, and helped to shape the subsequent analysis of interview data.
Participant observation showed the importance of initial experience in determining people’s perceptions
and use of the busway, and highlighted a contrast between the more positive appraisals of former car
users and the more dissatisfied appraisals of former bus users.
Patterns and predictors of use of the busway
Most users intercepted on the busway were using it to travel for work, business or study. More than half
were intercepted while travelling by guided bus, and more than half of these indicated that their current
trip would previously have been made by car. One-quarter of cycle trips were also said to have replaced a
car trip. Nearly half of path users reported that they now cycled more than they did before the opening of
the busway, and two-fifths of guided bus users also reported that they now walked or cycled more. In
cross-sectional multivariable logistic regression analysis, exposure to the busway – defined in terms of
proximity, modelled as the negative square root of the shortest network distance from home to the
busway in km – was associated with a greater likelihood of using the busway for cycling [adjusted odds
ratio (OR) 2.18, 95% confidence interval (CI) 1.58 to 3.00], bus travel (OR 1.53, 95% CI 1.15 to 2.02) and
walking (OR 1.34, 95% CI 1.05 to 1.70). The effect of proximity was strengthened in towns for bus use,
and in towns and villages for walking, compared with urban areas. Men were more likely than women to
have cycled on the busway, but individual socioeconomic characteristics did not predict guided bus use
or walking.
Linking environmental change with travel behaviour change in commuters
In longitudinal multivariable multinomial regression analyses of behaviour change in our cohort from 2009
to 2012, adjusted for multiple individual, household, geographic and other potential confounders as well
as baseline commuting behaviour, exposure to the intervention was associated with a greater likelihood of
a large (at least 30%) increase in the proportion of commuting trips involving any active travel [adjusted
relative risk ratio (RRR) 1.80, 95% CI 1.27 to 2.55] and of a large decrease in the proportion of trips made
entirely by car (RRR 2.09, 95% CI 1.35 to 3.21), as well as with a correspondingly lower likelihood of an
increase in estimated carbon emissions attributable to commuting (RRR 0.57, 95% CI 0.43 to 0.75).
Exposure to the intervention was also associated with a greater likelihood of an increase in weekly time
spent cycling, both for commuting (RRR 1.34, 95% CI 1.03 to 1.76) and for commuting and recreation
combined (RRR 1.32, 95% CI 1.04 to 1.68). In other words, participants living 4 km from the busway were
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about one-third more likely to have increased their cycle commuting between 2009 and 2012 than those
living 9 km away. Those who had done so reported a substantial mean increase of 87 minutes of cycling
per week. Path regression analysis showed that use of the busway explained the large majority of the
observed effect, while changes in cognitions relating to the route environment or to car use were not
significant in mediating the observed effect. The effect was moderated by baseline commuting behaviour
(p= 0.02 for interaction), with a significant effect on overall time spent in active commuting among those
who reported no active commuting at baseline (RRR 1.76, 95% CI 1.16 to 2.67).
Contextualising and interpreting the effects
Interviews suggested that although people were unlikely to use the new infrastructure unless it closely
matched the journeys they needed to make, a range of other factors informed travel behaviour, and these
were dependent on the value attributed to different aspects of the journey experience. These generally
involved considerations of comfort, ambience or pleasantness and of feeling safe, which could trump
considerations of reliability and speed. Although experiences of the busway were complex and ambiguous,
they culminated in meaningful travel behaviour change for some users, through shifts in the balance
between influential factors and planning, trialling and adopting new practices over time.
Linking active commuting with health benefits
We found no direct evidence of an effect of the intervention on time spent in physical activity overall, but
the study lacked statistical power to detect such an effect. However, we found no compensatory decrease
in recreational physical activity, and in observational cohort analysis changes in active commuting were
associated with commensurate changes in total self-reported physical activity. Cycle commuting was also
associated with lower sickness absence at work and improved well-being and weight status 1 year later,
albeit with modest effects at the individual level.
Conclusions
Commuting as a target for public health intervention
Commuting comprises a complex set of behaviours or practices that can be captured, summarised and
promoted in a variety of ways. Active commuting can make a substantial contribution to overall physical
activity and to health and well-being more generally, whether walking or cycling are used as the sole
mode of transport or incorporated into longer journeys by car or public transport. Supportive transport
infrastructure is associated with the uptake and maintenance of active commuting, but observational
evidence for these relationships increasingly requires to be corroborated by intervention studies assessing
the effects of actual changes to the environment. Commuting is also shaped by a set of broader economic
and social factors. These can be expected to influence the effects of new transport infrastructure, and
could themselves be targets of future intervention and evaluation.
Evaluating the health impacts of new transport infrastructure
Using a robust quasi-experimental study design, we have shown that the provision of a new bus network
and high-quality traffic-free path for pedestrians and cyclists was associated with a shift away from using
the car and an increase in time spent in physical activity on the journey to and from work. There was a
mixed pattern of effects, however, with the intervention providing a more supportive environment for
some people and not for others. There was some evidence that the effect was most pronounced among
those who reported no active commuting at baseline, and observational evidence suggesting a relationship
between active commuting, greater overall physical activity, and improved well-being and weight status.
These findings provide new empirical support and direction for reconfiguring transport systems to improve
population health and reduce social inequalities in health.
SCIENTIFIC SUMMARY
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Implications for public health research
Future research should aim to confirm and extend these findings by evaluating environmental changes in
other socioeconomic, cultural and topographical contexts and over longer periods of observation to enable
the cumulation of evidence to support more generalisable causal inference. Such studies should seek to
quantify travel and physical activity behaviour change using self-reported measures, objective measures or
both, commensurate with their research questions; to define exposure to interventions in such a way as to
enable controlled comparisons; and to understand the social and environmental context of behaviour
change using qualitative and quantitative methods in combination. The success of future natural
experimental studies is likely to depend on a flexible approach from researchers and funders to respond to
changing intervention timetables and the need for an evolving analytical strategy.
Funding
Funding for this study was provided by the Public Health Research programme of the National Institute for
Health Research.
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Chapter 1 Background
Active travel, physical activity and health
Physical inactivity increases the risk of coronary heart disease, type 2 diabetes and many other preventable
chronic diseases, and is estimated to account for 9% of premature mortality in the world.1–3
Epidemiological evidence suggests that as little as 20–30 minutes of moderate-intensity physical activity on
most days is enough to confer substantial health benefits,4 but many adults in the UK are comparatively
inactive and would benefit from a more active lifestyle.5,6 Increasing the level of physical activity in the
population has, therefore, been described as the ‘best buy’ for improving public health,7 and is the subject
of a new national framework for action in England.8
Efforts to promote physical activity have traditionally been directed at ‘high risk’ individuals and focused on
promoting sport, recreation or health-directed exercise.9 However, there is limited evidence that such
approaches have been effective in increasing and maintaining levels of physical activity in the medium to
long term.10 Greater public health benefits may, therefore, accrue from a population strategy to shift the
distribution of physical activity in the population as a whole, rather than from further efforts to target
high-risk groups, and to promote an increase in physical activity as part of people’s daily routines rather
than as ‘exercise’ to be incorporated into leisure time.11
One reason for the limited success of previous strategies may be that health-related behaviours are
enabled or constrained by the environments in which people live. A growing body of evidence suggests
a relationship between physical activity and the physical environment, exemplified by numerous
observational studies showing that people who live in more ‘walkable’ neighbourhoods tend to walk
more. However, much of this evidence is derived from research in North America or Australia and may,
therefore, be of limited relevance to the UK.12 Most studies have also been limited to the analysis of data
collected at a single point in time, and many have tended to examine the general attributes of the
neighbourhoods in which people live rather than more specific environmental exposures.12–14 Although
further observational epidemiological research can contribute to advancing our understanding of how
the environment shapes behaviour, this is likely to be most useful if it focuses on more specific
exposure–outcome relationships linking particular environmental attributes with particular forms of activity,
and if it involves longitudinal study designs capable of supporting more robust causal inference.15,16
Notwithstanding the contribution of observational studies, the most useful new evidence to support policy
and practice in this field is likely to come from intervention studies. Programme guidance on physical
activity and the environment issued by the National Institute for Health and Care Excellence (NICE) in 2008
drew attention to the lack of studies examining whether or not changing the physical environment leads
to changes in physical activity, and identified a need for more – and more rigorous – studies involving
longitudinal designs, controlled comparisons, and robust measures of physical activity outcomes.17 The
evidence update published by NICE in April 2014 identified few new studies of this kind that had
appeared in the global research literature since the publication of the original guidance.18 Among other
things, this reflects the broader challenges of evaluating complex public health interventions, which often
include studying the effects of ‘natural experiments’ in which interventions and their assignment are out of
the control of researchers.14,19,20
Most people need to travel, and one way of increasing levels of physical activity is to encourage the use of
active modes of transport such as walking and cycling. Modifying transport infrastructure to support walking
and cycling for transport (active travel), for example by constructing cycle routes or redesigning roads to
discourage car use, is one way of changing the physical environment that was identified in the Foresight
report as one of the top five recommendations for tackling obesity in the UK.21 The potential to enable
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people to incorporate walking or cycling more readily into their daily routines, for example on the journey to
and from work (active commuting), makes this an attractive strategy for increasing population levels of
physical activity, particularly as it need not entail replacing entire journeys with active travel. For example,
travelling by public transport can involve a substantial daily quantity of walking, and commuters who use
public transport tend to walk more than those who commute by car.22–24 These may be particularly
important considerations in a country such as the UK, where many people live too far from their workplace
to walk or cycle the entire journey. Nevertheless, several systematic reviews16,25–30 and the recent NICE
guidance on walking and cycling31 have highlighted the lack of robust public health intervention studies in
this area, and when the present study was being designed no study had convincingly demonstrated that
investing in new transport infrastructure led to an increase in active travel in the local population.
The Cambridgeshire Guided Busway
We therefore took the opportunity presented by the opening of the Cambridgeshire Guided Busway –
a major new transport infrastructure project serving the city and environs of Cambridge, in the east of
England – to establish a quasi-experimental study of the effects of providing new transport infrastructure
on travel behaviour, physical activity and related wider health outcomes.
Cambridge is a city of approximately 124,000 residents which lies 80 km north of London. The city is
comparatively flat and has a large university as well as a number of other major biomedical, scientific and
technological employers, all of which may contribute to the fact that it is the city with the highest prevalence
of cycling in the UK. The surrounding area includes market towns such as Ely, Huntingdon, Newmarket,
Royston and St Ives as well as many smaller villages, from which substantial numbers of commuters travel
into Cambridge each day. The historic centre of Cambridge is relatively inaccessible by car and, as is the case
in many other cities, the main arterial roads into the city become congested during peak times.
This formed the background to the plan to construct a guided busway, in order to provide a high-quality,
fast and reliable alternative to driving for commuters travelling into Cambridge along the A14 trunk road
from the north-west (Figure 1a). The busway comprises a new bus network and a traffic-free walking and
cycling route (Figure 1b). Buses run on a guideway (concrete track) completely segregated from other
traffic along much of the route, and a new high-quality surfaced path for pedestrians and cyclists runs
alongside the guideway. The longest section of guideway runs for 19 km from the market town of St Ives
to the Science Park on the northern fringe of the city. Buses then run on the existing road network
through the city centre before joining a further section of guideway. This runs south for 3 km from the
city’s railway station to the southern fringe of the city at Trumpington via the Biomedical Campus, which
includes Addenbrooke’s Hospital and is a major generator of traffic in the region. Two new park-and-ride
sites on the northern section of the busway provide car parking and interchange facilities, and the
southern section of the busway terminates at an existing park-and-ride site.
Construction of the busway began in March 2007 and was scheduled for completion in spring 2009, but
following a series of complications in construction and contractual disputes the busway was finally opened
more than 2 years late on 7 August 2011 at an eventual cost of approximately £150M.
A full description of the busway, including routes, times and fares, can be found at www.thebusway.info.
Although the guided busway had the potential to support and promote the use of active travel and public
transport for a variety of journey purposes, the primary motivation for its construction was to improve
conditions for commuting into Cambridge. Our study was, therefore, designed with a focus on active
commuting as the main outcome of public health interest. Our aim was not to evaluate the busway
against a comprehensive set of outcomes, but rather to use the opportunity presented by this natural
experiment to investigate a more specific set of research questions linking environmental change to
physical activity behaviour change and related health outcomes.
BACKGROUND
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(a)
(b)
FIGURE 1 The Cambridgeshire Guided Busway. (a) Map of the busway; and (b) view of the busway. Map
reproduced with kind permission of Cambridgeshire County Council. Photograph © Eva Heinen and reproduced
with permission.
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Main research questions
The aim of the study, which was named the Commuting and Health in Cambridge study, was to address
the following primary research question:
1. Is investment in new high-quality transport infrastructure associated with an increase in the use of
active modes of travel (walking and cycling) on the journey to and from work?
We also aimed to address the following secondary research questions:
1. What are the wider health impacts of changes in travel behaviour in terms of overall physical activity,
well-being, sickness absence and carbon emissions?
2. What are the determinants of the use and uptake of active modes of travel?
3. How are any changes in travel behaviour distributed in the population?
4. How are travel behaviour and changes in travel behaviour embedded in and shaped by the wider
social context?
5. Are changes in travel behaviour sustained over time?
It was not possible to address the fifth secondary research question directly because of the delay in the
completion of the busway and subsequent reconfiguration of the study (see Chapter 2, Overall
research design).
This report
This report represents an original summary and synthesis of a large body of research, most of which has
already been published – or submitted or prepared for publication – in other open-access academic
journals, and to which an extensive study team has contributed in various ways (see Acknowledgements).
Further details of the methods and results of the various analyses summarised in the report can be found
in these publications, which are referred to in callout boxes in the text and are available via the study
website at www.cambridgecommutingstudy.org.uk.
BACKGROUND
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Chapter 2 Methods
Introduction
In this chapter, we describe the methods for the study in terms of the overall research design, participant
recruitment and data collection, key variables derived from the data, and the general approach to
quantitative and qualitative analysis.
Overall research design
The main aim of the study was to investigate the effect of changing the environment, in this case by
providing new transport infrastructure, on commuter travel behaviour. However, we also aimed to address
a broader set of research questions relating to active commuting, its environmental and social context and
its health benefits. The study was, therefore, originally conceptualised as a cohort study of adults living
within a radius of approximately 30 km of Cambridge city centre and working in areas of the city to be
served by the busway, supplemented with in-depth quantitative and qualitative studies in subsamples of
the cohort.
A core questionnaire was administered to all members of the cohort in each year of the study. This was
designed to capture day-to-day variation in commuting trips over a 7-day period, allowing us to derive a
simple estimate of self-reported time spent in active commuting – the primary outcome for the study –
as well as ascertaining other forms of physical activity. The questionnaire also captured participants’
perceptions of the supportiveness of the route between their home and their workplace for active travel.
When we embarked on the study, construction of the busway was under way and its opening was
scheduled for spring 2009. The original study design envisaged three annual phases of survey data
collection from the cohort: one before the intervention (phase 1, in 2009) and two after (phase 2, in 2010,
and phase 3, in 2011). However, the completion of the busway was significantly delayed, and by the time
it was formally opened our third annual phase of data collection was already more than half complete. We
kept the evolving situation under review, reflecting on the scientific and operational options for managing
the unpredictable implementation timetable in our regular progress reports to the Public Health Research
programme and at the regular meetings of our independent study steering committee. With the support
of the steering committee, once the busway was opened we sought a funded extension to the original
study design, which was approved by the Public Health Research programme. We thereby extended the
study to a fourth year (phase 4, in 2012) to obtain post-intervention data to support the main evaluation
of the busway. The core questionnaire was reissued to all participants who had taken part in previous
phases, and phase 4 thereby effectively replaced the original phase 2 as the phase of the study in which
the main outcomes of the intervention were ascertained.
We also recruited subgroups of participants for in-depth studies of travel and physical activity behaviour in
each annual phase of the study, using objective recording of physical activity and locational data as well as
a detailed household travel diary. We thus aimed to offset the relative strengths and weaknesses of
subjective and objective measurement of physical activity. Self-reported measures are relatively easy and
inexpensive to administer and can readily differentiate between behaviours such as walking and cycling,
but their main disadvantage is that they may be susceptible to error or bias in reporting, and no validated
self-reported measure of physical activity as part of commuting had been published at the outset of our
study. Devices such as accelerometers, in contrast, can provide more accurate estimates of the intensity,
DOI: 10.3310/phr04010 PUBLIC HEALTH RESEARCH 2016 VOL. 4 NO. 1
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Ogilvie et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.
5
frequency and duration of physical activity, but they record only certain aspects of movement and do
not readily distinguish between behaviours and the contexts in which they occur. During phase 1 of
the study, when we tested the feasibility of rapidly recruiting and obtaining objective baseline physical
activity measures in a large sample, a subsample of participants was asked to wear an accelerometer
for 1 week. In subsequent phases, those participants who had successfully completed accelerometry in
phase 1 were invited to take part in more detailed activity monitoring, using combined heart rate and
movement sensors in combination with global positioning system (GPS) receivers. We used these data in
combination to objectively ascertain the modes of transport used by commuters and the physical activity
energy expenditure (PAEE) involved in using different modes (or combinations of modes) of transport.
The delay in completing the intervention provided an opportunity to further develop and apply our
methods of studying commuter travel behaviour. We validated our core questionnaire estimate of weekly
time spent in active commuting by comparing it with those derived from household travel diaries and from
combined objective measurement, and further explored the implications of using different methods for
assessing commute distance and overall physical activity. We also conducted a variety of quantitative,
qualitative and mixed-method analyses to improve our understanding of active commuting and its
environmental and social context, the busway, and the factors that might determine its acceptability and
uptake. Drawing on the insights from all these analyses, we then proceeded to the main quantitative
outcome evaluation. We studied the impact of the busway on travel behaviour, first through a
supplementary intercept survey of busway users and then in terms of mode of travel to and from work
(hereafter referred to simply as ‘to work’), carbon emissions attributable to commuting, and time spent in
active commuting and in physical activity overall in our main study cohort. We then investigated selected
causal pathways by which exposure to the busway was hypothesised to affect commuting behaviour and
explored the reasons why people may or may not have used the busway. Finally, we investigated the
longitudinal associations between active commuting and changes in overall physical activity and selected
health outcomes.
For further details, see Ogilvie et al.32
Samples
We recruited two participant samples for this study. The main cohort of commuters was recruited in the
months before the anticipated opening of the busway in 2009. A supplementary sample of busway users,
not restricted to commuters, was recruited in 2012, approximately 1 year after the commencement of
guided bus services.
Cohort study
Inclusion criteria
In keeping with the aims of the study, we focused on recruiting participants who regularly commuted
between home and work, specifically adults aged 16 years and over who lived within a radius of
approximately 30 km of the city centre and worked in areas of Cambridge that were to be served by the
busway. Participants were eligible for inclusion irrespective of their employer, workplace, type or grade of
occupation, length of employment contract or working hours; whether or not they also worked at other
locations; and whether or not they had any disability that may have limited their mobility. However,
interested individuals were excluded if they lived in the same immediate area of the city as their workplace,
including in on-site staff accommodation, or if they were taking part in other research that involved
measuring their physical activity.
METHODS
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Recruitment
Because the study was focused on travel to work, participants were recruited primarily through workplaces
rather than using a general population sampling frame such as an electoral or primary care register. The
workplaces were distributed across Cambridge, in locations ranging from the city centre to the urban fringe
locations, and included a range of types of organisation including local authorities, health-care providers,
higher and further education institutions and retail outlets. In the interests of data protection and to
assure participants of the independence of the study from their employers, we did not use corporate staff
databases as a sampling frame and, therefore, could not compute a population response rate as such. We
used a range of other methods for approaching potential participants between March and October 2009,
including recruitment stands, newspaper and magazine advertisements, posters, fliers, and announcements
distributed through corporate e-mail distribution lists, intranets and staff newsletters. E-mail distribution
via employers’ mailing lists proved to be a particularly effective method for soliciting expressions of interest.
A total of 2163 expressions of interest to participate were received, almost all via a web form, of which
1582 met the inclusion criteria.
Data collection
Core questionnaire
People who met the inclusion criteria were sent the core phase 1 questionnaire and consent form by post.
The core questionnaire collected information related to the main outcomes of interest, namely participants’
usual physical activity and travel behaviour, and other information of interest. Briefly, it incorporated:
l The Recent Physical Activity Questionnaire (RPAQ), which is based on a previously-validated physical
activity questionnaire but takes the past 4 weeks rather than the past year as its reference period.33
PAEE estimates derived from RPAQ information have been shown to have good test–retest reliability
(with an intraclass correlation coefficient of 0.76) and strong criterion validity (with a correlation
coefficient of 0.39) against PAEE objectively assessed using the doubly-labelled water technique.34
l A retrospective 7-day travel record focusing on the journey to and from work, based on an instrument
used (and shown to have acceptable test–retest reliability) in a previous study of active commuting.35
For each day of the previous week, participants reported whether or not they travelled to work, the
times at which they started and finished work, and the modes of travel they used for each trip to and
from work. Participants were also asked if they ever walked or cycled part or all of the journey to
or from work. If they did, participants were asked to report the usual duration in minutes of walking or
cycling involved in their journey.
l A 1-day record of all trips made on the previous day, adapted and simplified from the travel diary used
in the UK National Travel Survey.36 This questionnaire captured the purpose, the modes of travel and
the duration in minutes of each stage of each trip of the participant during the previous day.
l Items ascertaining participants’ perceptions of the route of their journey to and from work. The
questions were derived from those previously applied to participants’ residential environments in
the M74 study in Glasgow, where they showed acceptable test–retest reliability.37
l Items to assess personal attitudes and beliefs corresponding to four Theory of Planned Behaviour
constructs hypothesised to mediate choice of mode of transport, adapted from those used in a
previous intervention study and applied to car use.38
l Items from the Self-Report Index of Habit Strength applied to car use. These items provide a
psychological assessment of the extent to which a behaviour, such as using a car, is a personal habit.39
l An item on self-reported sickness absence in the past year, previously shown to be strongly correlated
with sickness absence objectively verified from employment records in the Whitehall study.40
l The Medical Outcomes Study Short Form 8 (SF-8) for assessing general physical and mental health and
well-being.41
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l Items to capture key demographic, socioeconomic and other health-related characteristics, including
age, gender, postcode of home and of workplace, level of educational attainment, presence of a
long-term limiting illness or disability (hereafter referred to as a ‘health condition’), difficulty walking,
and self-reported height and weight; as well as information on access to a bicycle, possession of a
driving licence, the fuel type and engine size of the car most often used for commuting (if any),
and whether or not car parking was available to them at work and, if so, whether or not they had to
pay for it.
l Follow-up versions of the questionnaire included additional items on awareness and use of the guided
busway (including walking and cycling along the path) and reasons for using it or not using it, as well
as any recent changes in household circumstances likely to influence travel behaviour, such as
pregnancy, childbirth, children starting or moving school, becoming a carer, taking on new
responsibilities at work or changes in household income.
The full questionnaires issued in phases 1 and 4, comprising all survey questions, are reproduced in
Appendices 1 and 2.
Household travel diary
When participants were contacted again in 2010 and 2011, they were invited to complete a detailed
day-by-day travel diary in addition to the core questionnaire. The diary captured the purpose, the start and
end times and the locations of each trip, and the mode of transport and duration in minutes of each stage
of each trip, of all members of the household, over a 7-day period. The main study participant in each
household was asked to complete the diary day by day during the monitoring period with, or on behalf of,
the other members of their household. The main purpose was to provide a detailed travel diary for the
main participant that could be compared with the contemporaneous objective measures of travel and
physical activity behaviour (if collected). The diary also allowed us to explore the inter-relationships of travel
behaviour within households, for example between parents and children.
The travel diary is reproduced in Appendix 3.
Basic activity monitoring
The first year of the study presented an opportunity to explore the feasibility of collecting objective physical
activity data using accelerometers in a large number of working adults in a free-living, natural experimental
setting. In this section, we report our experience in doing this prior to the anticipated opening of the
busway, which was originally scheduled for spring 2009 but was progressively rescheduled every few
weeks during the early months of the study.42
As part of recruitment to the study, participants were asked if they would be willing to wear a physical
activity monitor for 1 week, and more than 90% of those who expressed an interest in taking part in the
study indicated that they were willing to do so. This by far exceeded the number of devices available.
We therefore selected a quasi-random sample of 714 willing participants to receive an ActiGraph
accelerometer (ActiGraph Corp., Pensacola, FL, USA) in a series of weekly batches of survey packs posted
to participants.
The ActiGraph is a small, lightweight accelerometer that provides detailed information about the intensity,
frequency and duration of physical activity. It has been extensively validated in both laboratory and free-living
conditions.43,44 Outputs produced from these devices are significantly correlated with estimates of energy
expenditure from studies using doubly-labelled water.45 Monitors were drawn from a pool of ActiGraph
GT1M and GT3X models, both set to record activity counts in 5-second epochs in the biaxial mode.
Participants received an accelerometer, an elastic waist belt and an instruction and log sheet in a survey
pack that also contained the core questionnaire and consent form. They were asked to wear the
accelerometer over the right hip using the belt provided during waking hours for 7 days, removing it for
bathing or swimming and logging any such removals. Participants were asked to return their accelerometer
and completed questionnaire in person or by (prepaid) postal delivery.
METHODS
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We found that considerable follow-up was required to retrieve accelerometers with sufficient data for
analysis. Only 22% of the accelerometers originally issued were returned with sufficient data within
2 weeks, and we sent a total of 694 reminder letters to retrieve the devices. Two rounds of reminder
letters or e-mails were sufficient to retrieve 90% of the devices, leaving a comparatively small number of
participants requiring more prolonged follow-up. Some accelerometers were returned with insufficient
data, for example because participants were on holiday or were unaware that they needed to begin using
the accelerometer promptly because of limited battery life. In 109 such cases, we invited the participants to
wear the accelerometer again. Learning from experience, we altered our study procedures after the initial
batches to include advance e-mails alerting participants to the imminent arrival of their device and
including more explicit instructions.
Although we had estimated that we could issue an accelerometer to a new participant every 4 weeks,
accounting for posting, wear time and processing of the device and data, delays due to the need to issue
reminders as well as device loss or failure or the capture of insufficient data meant that the effective
recycling time was twice as long as anticipated. In total, a pool of 221 devices was required to service the
714 participants. We retrieved all but 45 of the devices, while three devices failed. A total of 550 (77%) of
the participants returned any accelerometer data, and 486 returned data for at least 10 hours on each of
4 days. Our experience demonstrated that it is feasible to use accelerometers to collect objective physical
activity data by post from a large number of participants in a limited time period. However, researchers
should plan carefully for the recycling of devices during data collection to reach the target sample size.
For further details, see Yang et al.42
Enhanced activity monitoring
In the second and subsequent years of the study, all participants who had successfully completed
accelerometer monitoring at baseline were invited to opt in to enhanced objective measurement. They were
invited to undertake 7 days of monitoring using both Actiheart combined heart rate and movement sensors
(CamNtech Ltd, Cambridge, UK) and QStarz BT-Q1000X GPS receivers (QStarz International Co. Ltd, Taipei,
Taiwan, Province of China). Those who did not wish to ‘step up’ to this enhanced measurement were given
the opportunity to repeat their activity monitoring using the accelerometers used at baseline.
The Actiheart combined monitor is a lightweight, waterproof device. It clips onto standard
electrocardiogram (ECG) electrodes on the chest and measures acceleration, heart rate, heart rate variability
and ECG amplitude. It has been shown to be a valid and reliable tool for measuring both acceleration and
heart rate,46 which we recorded in 60-second epochs in 2010 (using Actiheart devices) and in 15-second
epochs in 2011 and 2012 (using Actiheart 4 devices). While providing a form of follow-up accelerometer
data, this offered a more accurate objective assessment of physical activity and PAEE than accelerometry
alone, particularly for activities such as cycling, which are not optimally detected using hip-worn
accelerometers. Individual calibration of the combined heart rate and movement sensor data was not
required because a simple calibration protocol based on sleeping heart rate and gender has been shown to
be adequate for free-living studies.47
The QStarz BT-1000X GPS receiver is a small portable device without display that records the spatial
co-ordinates of participants at 5-second intervals and has been used in previous studies.48,49 The device was
worn on an elastic waist belt during waking hours, and participants were provided with a charger and
asked to recharge the battery each night.
For this part of the study, participants attended one-to-one appointments during which a research assistant
fitted the devices and obtained their consent. Participants were asked to wear both devices simultaneously,
to complete the travel diary at the end of each day, and to complete the questionnaire at the end of the
7-day measurement period. They returned all questionnaires and devices to the research institute by post.
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Sample achieved and follow-up
A total of 1164 individuals participated in baseline data collection between May and October 2009 and
thus joined our study cohort, of whom 1143 (72% of the 1582 who met the eligibility criteria for entry to
the study) provided valid baseline data on active commuting. The characteristics of the baseline sample
are summarised in Table 1. Our sample contained more women than men. Participants’ mean age was
42.3 [standard deviation (SD) 11.4] years. The sample was relatively high in socioeconomic status and
educational attainment. Four-fifths of participants lived in areas that rank in the top 50% nationally in
terms of income deprivation, almost three-quarters had a university degree or higher educational
qualification and 84% defined themselves as working in sedentary occupations. Approximately 10% of
participants reported a health condition. Most participants had access to one or more cars in their
household. At the same time, the majority of participants had access to a bicycle. Approximately two-thirds
of participants lived in urban locations, that is continuous built-up areas with a population of more than
10,000, with one-third living in rural towns and villages (see Derivation of key variables) and a median
distance from work of 8.0 km [interquartile range (IQR) 4–20 km] for the sample as a whole.
Members of the cohort were contacted in subsequent years for repeat data collection. Wherever possible,
follow-up was matched to the same week of the year as closely as possible in order to eliminate seasonal
fluctuations in commuting behaviour. We recruited small numbers of additional participants to the
cohort in 2010 (n= 72) and 2011 (n= 178) to partly offset the effect of attrition over time. Some
participants also rejoined the study in later phases after dropping out for 1 or more years. The number of
participants who completed the core questionnaire and participated in the various in-depth quantitative
studies during each phase of the project is summarised in Table 2. In the fourth annual phase of data
collection in 2012, after the completion of the intervention, 665 participants completed the core
questionnaire, of whom 501 (43% of the baseline sample) had taken part in phase 1 and 470 (40% of
the baseline sample) provided valid data on active commuting in phase 1 and phase 4. Further information
about the impact of attrition on the composition of the 3-year longitudinal sample is given as part of the
account of the main outcome analyses (see Chapter 5, Linking environmental change with travel behaviour
change in commuters).
TABLE 1 Sociodemographic characteristics of the study cohort at baseline
Characteristic % (n)
Individual characteristics
Gender (n= 1143)
Male 31.5 (360)
Female 68.5 (783)
Age (years) (n= 1143)
Under 30 16.4 (188)
30–39 28.6 (327)
40–49 25.9 (297)
50–59 21.3 (244)
Over 60 7.6 (87)
Household characteristics
Number of children in the household (n= 1142)a
None 80.0 (913)
One or more 20.0 (229)
METHODS
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TABLE 1 Sociodemographic characteristics of the study cohort at baseline (continued )
Characteristic % (n)
Socioeconomic characteristics
Highest educational qualification (n= 1136)
Less than degree 28.1 (319)
Degree or higher 71.9 (817)
Home ownership (n= 1139)
Not home owner 27.2 (310)
Home owner 72.8 (829)
Number of cars in household (n= 1143)
None 14.7 (169)
One or more 85.3 (974)
Driving licence (n= 1142)
No 9.6 (110)
Yes 90.4 (1032)
Health characteristics
Weight status (n= 1125)
Normal or underweight 62.8 (707)
Overweight 27.6 (310)
Obese 9.6 (108)
Difficulty walking (n= 1141)
No 98.6 (1123)
Yes 1.5 (18)
Health condition (n= 1139)
No 89.9 (1024)
Yes 10.1 (115)
Geographic characteristics
Home location (n= 1142)
Urban 65.8 (752)
Non-urban 34.2 (390)
Distance from home to work (km) (n= 1142)
0–3.0 12.4 (142)
3.1–5.0 26.5 (302)
5.1–10.0 19.0 (216)
> 10.0 42.1 (482)
a Owing to missing responses about the number of children under the age of 5 and between 5 and 15 years, we
combined the responses to these questions into one binary variable representing the presence of at least one child in the
household. We replaced missing responses with zero for the remaining participants (n= 357).
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Intercept survey
The aims of the intercept survey were to obtain a random and more socioeconomically heterogeneous
sample of busway users, which would enable comparisons with the main study cohort and partly offset
the volunteer bias in recruitment to the cohort, and to study the perceptions of the busway and its impact
on travel behaviour in this sample.
Inclusion criteria
People were eligible for inclusion in this face-to-face survey if they were aged 16 years or over and
travelling on the busway, either using a guided bus or walking or cycling on the path.
Recruitment
The intercept survey was conducted in two phases, each lasting 14 consecutive days, in July and
September 2012. The survey was carried out at each of five sites along the busway with two interviewers
present, one assigned to path users and one assigned to bus users at each site. To ensure recruitment
of a quasi-random sample of users, each interviewer was instructed to approach the next adult walking
or cycling on the path, or waiting for or alighting from a guided bus, after completing data collection
from the previous participant. Users who were unable to complete the survey were provided with a
date-stamped, credit-card-sized survey card giving details of how they could later complete a web-based
version of the survey. If a user declined to participate in the survey, this was recorded along with details
about the size of the group in which they were travelling (if any) and the number of children in the group.
When there were no potential users on either the bus or the path, interviewers sampled from the other
user group. Data collection commenced at 06.30 daily and ceased at 19.00. Interviewers worked in shifts
between these times.
Data collection
The intercept survey questionnaire comprised four sections focusing on the purpose and nature of the
trip; the perceived impact of the busway; the participant’s health and physical activity; and his or her
demographic and household characteristics. Although shorter than the core questionnaire, the intercept
survey questionnaire also contained items to facilitate comparisons in terms of changes in physical activity
and travel behaviour with the main cohort (and vice versa). The full intercept survey questionnaire is
reproduced in Appendix 4.
Sample achieved and follow-up
We describe the composition of the achieved sample of busway users later (see Chapter 5, Patterns and
predictors of busway use). Respondents were not invited to become part of the main study cohort, but
some of those who completed the survey and gave consent to be reapproached were subsequently invited
to take part in a qualitative interview.
TABLE 2 Participant numbers for each phase of the cohort study including quantitative substudies
Element of the study Phase 1 Phase 2 Phase 3 Phase 4
Core questionnaire 1168 774 770 665
Household travel diary N/A 491 365 N/A
ActiGraph 501 142 120 73
Actiheart N/A 201 141 131
GPS N/A 196 132 131
N/A, not applicable.
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Qualitative investigations
We also explored the commuting contexts, decisions and experiences of participants in a series of
qualitative substudies. This entailed more than 120 semistructured interviews, as well as a photo-elicitation
study, ethnographic participant observation, media analysis and a qualitative study of the final stakeholder
forum for the project.
Semistructured interviews
Our study involved three phases of semistructured interviews. During each phase, we purposively invited
participants with a view to achieving balanced samples in terms of age, gender and home location relative
to the busway. Interviews were conducted at a place of each participant’s choice, at his or her home or
workplace or at the research institute.
In 2009 and 2010, participants in the main study cohort who had reported using different usual modes of
transport for commuting were interviewed about their travel to and from work, typical journeys, routes
and modes of transport, and time and other factors that shaped their commuting choices and possible
alternatives.50 A total of 49 participants were interviewed in two phases: 19 between March and
August 2009 and 30 between March and September 2010.
In 2011, interviews focused on a purposive subsample of commuters who had moved home, work or both
(i.e. between different UK postcode sectors, as ascertained in the core questionnaire) between phases 1 and
2 of the study.51 Interviews took place in spring 2011 – between 1 and 2 years after relocation – and explored
participants’ reasons for and experiences of relocating, their priorities in choosing their new location, and
how they travelled to and from work before and after relocation. A total of 26 participants were interviewed.
In 2013 we recruited a further group of 38 interviewees, from both the main study cohort and the intercept
survey sample. Using information provided in at least two annual core questionnaires, we recruited a mixture
of cohort participants who had changed and cohort participants who had maintained their usual mode of
travel to work. In addition, we purposively recruited participants from lower social groups from the intercept
survey sample. Interviewees were loosely classified into ‘intervention’ and ‘control’ groups, based on their
home location relative to the busway (see Chapter 5, Contextualising and interpreting the effects). These
post-intervention interviews also explored the perceived impact (if any) of the busway on participants’ travel
behaviour. For these interviews we employed two vignettes, systematically constructed using the
quantitative predictors of active travel identified elsewhere within the study, to facilitate discussion. One
vignette depicted active travel and the use of public transport, while the second focused on car use.
The vignettes are reproduced in Appendix 5.
Photo-elicitation interviews
All 30 participants who were interviewed in 2010 were also invited to take part in additional
photo-elicitation interviews, a method we adapted to study commuting behaviour (see Chapter 4, Eliciting
motivations and contextual factors).52 Participants were given minimal directions to take photographs of
either their actual commutes or their ‘ideal’ (desired) commutes. The photographs were digitised and
treated as data in their own right, but also served as the interview guide in subsequent interviews.
Nineteen participants (with three of their children) chose to take part in this project, and we conducted
their subsequent photo-elicitation interviews between May and September 2010.
Media analysis
Our evaluation of the intervention included an analysis of discourse about the busway in print and social
media.53 Newspaper articles dating from 21 October 2004 to 21 November 2012 were retrieved from the
LexisNexis database (LexisNexis Group, London, UK), which includes national newspapers of various
formats as well as local titles. Tweets were identified from the online archive Topsy (www.topsy.com;
Topsy Labs, Inc., San Francisco, CA, USA). In addition, the media analysis incorporated data from the
semistructured interviews conducted in 2013, as described above.
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Participant observation
We also undertook an ethnographic study of people on the busway between September and December
2011, in the first few months after the commencement of guided bus services.54 An experienced
researcher travelled on the busway on weekdays – when most commuting journeys take place –
throughout this period, observing and interacting with passengers at bus stops and on the guided buses
themselves along the entire route. Sampling was opportunistic in that participants were recruited as they
were encountered and found to be amenable to interaction. There was no formal topic guide, but
passengers were encouraged to discuss their experience of the guided busway and how it compared with
their previous commuting experiences. All observations were recorded in ethnographic field notes.
Ethnographic stakeholder study
The final piece of qualitative research was attached to the forum that was held at the end of the study in
January 2015 to discuss the findings and implications of the study with relevant stakeholders. The event
was designed around an interactive ‘marketplace’ and open plenary format to encourage knowledge
translation and coproduction of insights rather than merely the didactic presentation of ‘results’, and
provided the opportunity for extensive ethnographic observations. Field notes recorded during the event
provided the background information for follow-up interviews with attendees, which were conducted
either in person or by telephone.
Incentives and feedback for participants
Participants were entered into a prize draw to win one of eight £50 gift vouchers as an incentive to
participate in each phase of the cohort study and in the intercept survey. The study team produced an
annual newsletter to inform participants of the emerging study findings. In addition, those who completed
basic activity monitoring were offered brief individualised feedback in the form of a bar chart comparing
their recorded daily minutes of moderate to vigorous physical activity (MVPA) with the average for their
age group and gender in the sample, and with current physical activity guidelines. Those who completed
data collection with combined heart rate and movement sensors were offered more detailed individualised
feedback on their activity data.
Derivation of key variables
In this section, we introduce the key variables we used in our quantitative analyses.
Active commuting
The primary outcome for the study was the time participants spent in active commuting, that is the time
they spent walking or cycling to and from work each week.
Time spent in active commuting
We used information from the 7-day travel record in the core questionnaire to calculate an estimate of
‘weekly time spent walking to and from work’ and ‘weekly time spent cycling to and from work’ by
multiplying the number of occasions on which the respective mode of transport had been used during the
past week by the self-reported usual duration of that part of the journey. These were summed to produce
an estimate of ‘weekly time spent in active commuting’.
Changes in active commuting
In longitudinal analyses, we investigated changes in active commuting in several ways. Simple change
scores in the weekly time spent walking, cycling or in active commuting were computed by subtracting the
value for each participant at baseline from the value at follow-up. For some analyses changes were also
categorised in terms of an increase or decrease, as compared with no change, and in terms of whether
participants ‘maintained’ or ‘took up’ active commuting. If participants reported spending no time walking
(or cycling) to and from work at baseline, but reported spending some time doing so at follow-up, this
outcome was denoted as their having ‘taken up’ walking’ (or cycling). Similarly, if participants reported
METHODS
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spending some time walking or cycling to and from work at baseline and continued to do so at follow-up,
this outcome was denoted as their having ‘maintained’ walking (or cycling).
Mode of travel to work
We used information on mode of travel to work from the core questionnaire to summarise and categorise
the travel behaviour of our sample in other ways.
Usual mode of travel to work
We determined participants’ usual mode of transport from two sources of information in the core
questionnaire. In the RPAQ, most participants indicated that they ‘always’ used a single mode of transport
to travel to work in the past 4 weeks, and their ‘usual mode’ was classified accordingly. For those who
selected more than one mode of transport, additional rules were established to identify the mode that
was presumed to constitute the main part of their trip and to assign them to one of four main modes of
transport: walking, cycling, car or public transport.55 Alternatively, participants’ usual mode of travel
to work could be determined using the disaggregated information in the 7-day travel record, in which the
modes of transport used on each trip to and from work were reported. Participants were also classified
according to their most frequently reported mode (or combination of modes) of transport in the 7-day
travel record, using the following overarching categories to differentiate between commuting patterns
involving more or less active travel:56
l car or motorbike only
l walking only
l cycling only
l bus or train in combination with walking or cycling
l bus or train only
l car in combination with walking or cycling
l bus or train and car in combination with walking or cycling
l bus or train in combination with car.
Changes in mode of travel to work
In longitudinal analyses, we used these data to investigate changes in travel behaviour. In particular, we
studied changes in the proportions of commuting trips made entirely by car, involving any active travel and
involving any public transport. We also used the categories derived above to study shifts in participants’
most frequently reported mode (or combination of modes) of travel. If participants shifted from ‘car or
motorbike only’ to one of the other categories as their most frequently reported mode or combination of
modes, this outcome was denoted as their having ‘taken up an alternative to the car’. If participants most
frequently reported a mode or combination of modes other than ‘car or motorbike only’ at both time
points, this outcome was denoted as their having ‘maintained an alternative to the car’.
Use of the busway
Use of the busway was summarised using three binary variables indicating whether participants had ever
used the guided bus service, ever used the path for walking or ever used the path for cycling. These were
derived from the responses to two questions in the core questionnaire: ‘Have you ever travelled on a
guided bus in Cambridgeshire?’ (response options: ‘yes’ or ‘no’) and ‘Have you ever walked or cycled
along any part of the footpath or cycle path beside the guided busway?’ (response options, of which more
than one could be selected: ‘yes – I have walked beside the busway’, ‘yes – I have cycled beside the
busway,’ or ‘no – I have not walked or cycled along the path beside the busway at all’).
Physical activity
Estimates of time spent in MVPA were derived either from the information in the core questionnaire
(‘reported’) or from objective measurement (‘recorded’), while estimates of PAEE were derived from the
combined heart rate and movement sensor data.
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Reported physical activity
In the RPAQ, participants reported their physical activity at home, at work, for transport and for recreation.
Home-based physical activity was estimated using the frequency of stair climbing and the duration of
sedentary behaviours such as television viewing on typical weekdays and weekend days. Physical activity at
work was estimated using a categorical measure (from ‘sedentary occupation’ to ‘heavy manual work’)
and the number of hours worked per week. Physical activity for transport was estimated using information
on the frequency with which different modes of travel were used for commuting (reported on an ordinal
scale from ‘never or rarely’ to ‘always’), the number of trips per week and the self-reported commute
distance. We converted measures of activity for each domain to a common weekly metric and used this
information to derive three outcome measures. Total weekly time spent walking (or cycling) for commuting
and recreation was derived by summing the time spent walking (or cycling) for recreation (reported in
RPAQ) and the time spent walking (or cycling) for commuting derived from the 7-day travel record. Total
weekly time spent in recreational MVPA was derived by summing the time spent in all recreational
activities reported in RPAQ and associated with a metabolic equivalent (MET) of at least 3 METs according
to the physical activity compendium, where 1 MET represents the basal metabolic rate and 3 METs
represents the threshold used to define moderate intensity physical activity.57 Total (‘reported’) weekly time
in MVPA was derived by summing the time spent in activities classified above the MVPA threshold across
the four domains.34
Recorded physical activity
We defined ‘recorded’ time spent in MVPA as the average number of minutes per day in which ≥ 1952
accelerations were counted by the hip-worn accelerometers. This corresponds to the physiological intensity
cut-point of 3 METs during treadmill locomotion.58
Physical activity energy expenditure
We used combined heart rate and movement data in conjunction with GPS data and summarised PAEE
according to the mode or combinations of modes of transport reported in the travel diary for each trip. We
later report how we also interrogated the combined heart rate and movement sensor and GPS data for
other purposes (see Chapter 3, Validating a self-reported measure of time spent in active commuting).
We visually inspected the GPS data in the geographic information system (GIS) ArcGIS (Esri, Redlands, CA,
USA) to identify the start and end times for each trip to or from work. The start time was defined as the
first 5-second epoch after which participants left either their home or the outline of their workplace
building, and the end time as the last 5-second epoch before they reached the corresponding destination.
We summarised the combined heart rate and movement data in 1-minute epochs and annotated each
trace with the trip start and end times ascertained from the GPS data. As trips did not always begin at the
start of a ‘clock minute’ (e.g. precisely at 10:00:00), the first and last clock minutes of each trip were
excluded to avoid misclassifying non-commuting energy expenditure as part of the trip. For example, in a
trip starting at 10:00:30, the first 30 seconds of the minute from 10:00 to 10:01 would not be part of the
commuting trip but would still be included in the calculation of energy expenditure for that clock minute.
Excluding the first and last clock minute therefore ensured that all energy expenditure data included in our
calculations were drawn from the trip itself. We also identified whether participants had travelled to or
from work via an intermediate destination such as a school or shop, and excluded any time spent at such
intermediate destinations from our computation. PAEE was derived following a published method and
translated to standard METs for each minute.46
Carbon emissions
We also investigated the impact of the busway on changes in carbon dioxide emissions attributable to
commuting in our cohort between 2009 and 2012. We estimated the carbon emissions for each
commuting trip reported by each participant and summed these across the week to produce a total for
each participant at each time point. Carbon emissions were estimated by multiplying the distance travelled
by each mode of transport by a published emissions factor specific to each mode of transport, and specific
to each vehicle where possible.59
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The distance travelled on each trip to and from work was estimated using the Google Directions API
(application programming interface) (Google™, Google Inc., Mountain View, CA, USA) with the origin and
destination of the trip. These were derived from unit postcodes but shifted by 1 minute of longitude or
latitude to prevent the release of potentially identifiable pairs of information (i.e. linked home and
workplace locations) to Google. Distance calculations took into account the mode or modes of transport
used. For participants who reported a park-and-ride commute, for example, the trip was divided into
two parts, and the Google option for mode of transport was set to ‘driving’ for the first part of the trip
and ‘transit’ (i.e. public transport) for the second.
For guided bus trips, we used the emission factor for trams (87.61 g CO2/km), on the basis that the
environmental performance of a guided bus is broadly comparable with that of light rail, and that if
the greater flexibility for timetable optimisation is taken into account a guided bus system can match the
carbon emissions of trams.60 For bus trips, we also estimated the speed for each trip based on the distance
travelled, time travelled and number of stops. Trips with an average speed of > 50 miles per hour were
defined as ‘coach’ trips, and others as ‘local bus’ trips, and emission factors were assigned accordingly.
For car travel, we drew on the information from our core questionnaire to distinguish between fuel type
(petrol, diesel or hybrid) and engine size (< 1.4 l, 1.4–2.0 l or > 2.0 l) of cars used at each time point to
apply the appropriate emission factors.
Indicators of health and well-being
Physical and mental well-being
Responses to the SF-8 were used to create physical component summary (PCS-8) and mental component
summary (MCS-8) scores, as well as change scores in these measures representing the difference between
the values at baseline and follow-up for each participant.41
Sickness absence
Sickness absence was self-reported as the total number of days absent from work in the past year.
Body mass index
Body mass index (BMI) was calculated by dividing self-reported weight in kilograms by the square of the
self-reported height in metres. If reported height differed between years, baseline height measures were
used to replace implausible follow-up values attributable to obvious data entry errors in five cases. In two
participants, large computed changes in BMI (of ≥ 25 units) were found to be the result of their having
reported weight in imperial units in the metric response option on the questionnaire. These were
converted to metric values, which were confirmed to be similar to their baseline weights. For some
analyses, BMI was summarised using categories of weight status according to international cut-offs.61
Exposure to the intervention
Evaluation studies, especially in health research, are often carried out by comparing outcomes in
intervention and control groups, preferably created by the random allocation of individuals or groups to
the treatment conditions. In evaluations of place-based interventions such as new transport infrastructure,
however, randomisation is generally not possible and it is not necessarily meaningful to treat exposure to
the intervention as a binary variable. In the light of this, a number of approaches for modelling ‘exposure’
in quasi-experimental studies of place-based interventions have been developed. Exposure may be
modelled in terms of coincidence or adjacency, for example by denoting a particular administrative area
or a buffer zone the size of a ‘walkable’ area around the intervention. Alternatively, exposure may be
modelled in terms of varying intensities, either ordinal or continuous, derived from the proximity of a given
participant’s location to the intervention. Measures of exposure may be further refined by using additional
information on the characteristics of individual participants, such as their travel patterns.
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Exploratory analysis of the characteristics of our cohort showed that comparable intervention and control
groups could not be created based on area of residence. For example, the distribution of participants who
reported incorporating walking or cycling in their commute at baseline appeared neither random nor
associated in any singular way with the planned route of the busway. Participants living closer to the
planned route were more likely to report cycling for commuting, but less likely to report walking for
commuting, than those living further away (Figure 2). This can be explained in part by the fact that
distance from the busway was correlated with distance from the city centre and that local commuting
patterns were inevitably reflected in our achieved sample (see Chapter 4, Patterns of active commuting).
For example, the tendency of commuters to combine walking with using a car or public transport meant
that reporting some walking for commuting remained relatively common even among those living furthest
from Cambridge, while the prevalence of cycling for commuting declined sharply at distances > 10 km.62
Similar location effects could be seen in other characteristics of our sample, for example in the tendency
for younger and more mobile participants to live closer to the planned route of the busway.
Rather than assigning participants to simple ‘intervention’ and ‘control’ areas, which would have been
unbalanced on the baseline distribution of active commuting and other socioeconomic covariates, we
therefore computed graded, participant-level measures of intervention exposure. Our graded measure of
exposure was based on the distance from each participant’s home to the nearest access point to the busway.
We calculated this distance using route networks created in the GIS (see Derivation of key variables).
In studying the predictors of using the busway for a given mode of transport (bus, walking or cycling) the
graded measure of exposure was adapted to take account of the mode of transport in question (see
Chapter 5, Patterns and predictors of busway use). For the outcome of guided bus use, we computed the
distance from each participant’s home to the nearest busway stop using any combination of the road and
pedestrian and cyclist route networks (including the path along the busway). This reflected the fact that, in
order to travel on a guided bus, participants would first have to travel to a bus stop using either a car or
an active mode of transport, and in the latter case could use the path along the busway to do so. For the
outcomes of walking or cycling on the path, we computed the distance from each participant’s home to
the nearest access point to the path, using the same route networks.
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FIGURE 2 Distribution of active commuting at baseline by proximity to the route of the busway. Proportion
of participants within each distance interval reporting any walking or cycling to and from work at baseline
(for walking, n= 456; for cycling, n= 468).
METHODS
NIHR Journals Library www.journalslibrary.nihr.ac.uk
18
In studying the effect of the busway on time spent in active commuting and physical activity, we
hypothesised that the busway could promote walking and cycling either as modes of travel along the path
or as feeder modes to the guided bus service (see Chapter 5, Linking environmental change with travel
behaviour change in commuters). We therefore used the distance from each participant’s home to either
the nearest busway stop or the nearest access point to the path, whichever was closer.
Exploratory analysis further showed that a given increment in distance had a smaller effect on use of the
busway as distance increased, which suggested that it would be inappropriate to model exposure to the
intervention as a linear function of distance. Although the log transformation is commonly used in studies
of distance decay in transport studies, we selected a square root transformation because the estimates
produced were slightly more conservative and more easily interpretable. For ease of interpretation, we
defined exposure to the intervention in terms of ‘proximity’ rather than distance, proximity being defined
as the negative square root of the distance. For example, for a pair of participants living 9 km and 4 km,
respectively, from the busway, the measures of proximity were –2 and –1, respectively. Because –1 is larger
than –2, this enabled us to report the effects of ‘increasing proximity’ to the busway.
In studying the predictors of using the busway for a given mode of transport, we also explored the
application of more detailed participant-level measures of intervention exposure (see Chapter 5, Predictors
of busway use). We hypothesised that individuals would be more ‘exposed’ to the intervention if the new
infrastructure were to reduce the time taken to travel to work. This reduction in travel time could result
from a reduction in either the bus journey time, or the walking or cycling distance from home to work,
and would vary according to the work location as well as the home location of the participant. For
example, a participant living close to the busway and working at a location close to the route might
experience a reduction in the time it would take to walk or cycle to work, whereas a neighbour living next
door but working at a location further from the busway might not benefit to the same extent. These
‘individually calibrated’ measures of intervention exposure were calculated using each participant’s home
and workplace addresses. We computed changes in estimated travel time to work by bus using Accession,
a software package that uses road networks, road speed data and public transport timetable information
to calculate travel times (Citilabs Inc., Lafayette, CA, USA). We used this to estimate the quickest potential
bus journey for each participant on the networks that existed before and after the completion of the
busway on a Wednesday, with the requirement that the journey should commence after 06.00 and end
before 10.00 to correspond to a typical morning commute. The change in the modelled walking or cycling
distance to work induced by the busway was calculated using the GIS by comparing the distances in the
pedestrian and cyclist route network before and after addition of the path along the busway.
Other environmental variables
We also studied the influence of subjective and objective factors on active commuting. Our core
questionnaire contained questions on participants’ perceptions of the environment on their route to work.
We also used the GIS to derive variables corresponding to objective features of the environment.
Perceptions of the route environment
Our core questionnaire included seven items on participants’ perceptions of the environment with respect
to their journey to and from work (Box 1). Participants reported their level of agreement with each
statement on a 5-point Likert scale. When responses to these items were entered into regression analyses
individually, responses were collapsed such that those who ‘strongly agreed’ or ‘agreed’ with an item were
compared with those who ‘strongly disagreed’, ‘disagreed’ or ‘neither disagreed or agreed’ (and vice
versa for negatively worded items). We also used responses to all seven items to generate a total score
representing the overall perceived supportiveness of the route environment for active commuting and
summarised this using tertiles. In longitudinal analyses, we created change scores for each item by
subtracting the baseline value from the follow-up value for each participant.
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Objective features of the environment
We further used the GIS to derive variables corresponding to objective features of the environment, such
as the urban–rural context of participants’ home location, the distance to work specific to a given mode of
transport, and other attributes of the route environment between home and work.
Home and workplace postcodes reported by participants were georeferenced to a location using the
Ordnance Survey CodePoint® database (Ordnance Survey, Southampton, UK). Each participant’s home
location was also categorised according to an urban–rural classification using the Census Output Area of
the home postcode.63 According to this classification, ‘urban’ areas are connected built-up areas that have
resident populations of more than 10,000 people. ‘Rural’ areas are those that are not urban, and are
further divided into ‘town and fringe’ areas and ‘villages’ or ‘hamlets’ and ‘isolated dwellings’ based on
dwelling densities. In our results we refer to town and fringe areas as ‘towns’ and to villages or hamlets
and isolated dwellings as ‘villages’.
We created route networks for travel by car or by walking and cycling. These were used to calculate
distances specific to a given mode of transport, for example between home and work or for accessing the
busway from a participant’s home (see Derivation of key variables). The car route network was created
using the Ordnance Survey MasterMap® Integrated Transport Network road network data set (Ordnance
Survey, Southampton, UK), from which the guided busway (which cannot be used by cars) was manually
removed.64 A pedestrian and cyclist route network was created by removing motorways from the car
network and by adding footpaths and cycle routes from local authority data on rights-of-way (public
footpaths, bridleways and byways), cycle route information from the UK charity Sustrans, and any
additional paths from OpenStreetMap.com, a collaborative, open-source database of informal pathways
(OpenStreetMap Foundation, Sutton Coldfield, UK).65
We also derived a series of variables reflecting objective features of the environment in the area around
the home, in the work neighbourhood and on the route between home and work using the GIS in
conjunction with the Ordnance Survey Address Layer 2® database (Ordnance Survey, Southampton, UK).
For this analysis, the GIS was used to identify sections of the pedestrian and cyclist route network that
constituted the shortest route between home and work for each participant.
BOX 1 Perceptions of the route environment assessed in the core questionnaire
Questionnaire items
It is pleasant to walk.
There is convenient public transport.
There are convenient routes for cycling.
There is little traffic.
It is safe to cross the road.
The roads are dangerous for cyclists.
There are no convenient routes for walking.
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The variables derived included the length of the shortest possible route between each participant’s home
and work locations, a categorical indicator of the direction of travel based on the locations of home (either
in Cambridge or in the surrounding areas) and workplace (either in the city or on the outskirts) and the
proportion of the route that followed ‘A’ or ‘B’ (‘busy’) roads. In addition, measures of the ‘walkability’ of
the streets in the home neighbourhood were calculated, including road density, junction density, road
connectivity, the presence of ‘A’ (major) roads and the proportion of foot or cycle paths.
We further derived public transport variables using the pedestrian and cyclist route network in combination
with the National Public Transport Data Repository and Access Nodes data sets.66,67 The first variable
reflected whether or not there was a bus service passing through the home neighbourhood that would
take the participant to work, either directly or with one or more changes. The other public transport
variables, calculated for both home and work locations, reflected the distance to the nearest bus stop
(again using the pedestrian route network), bus service frequency, the number of bus stops, the number of
bus routes served and the distance to the nearest railway station.
Land use variables included a count of the number of destinations of interest (schools, eating and drinking
establishments, stage and screen venues, sports complexes and retail units) within 100m of the route to
work and in the home and work neighbourhoods,68 and indicators of land use mix and building density at
the home location and along the route to work.
For further details, including more information about the sourcing of environmental data used in these
analyses, see Dalton et al.55
Psychological measures
Theory of Planned Behaviour constructs
Our core questionnaire included eight statements of attitudes and beliefs relating to car use, corresponding
to four constructs of the Theory of Planned Behaviour hypothesised to mediate choice of mode of transport
(Table 3). As it was considered unreasonable to ask participants to repeat these measures in respect of all
modes of transport, we decided to frame them in relation to car use because the overarching aim of the
intervention was to promote the use of alternatives to the car. Participants reported their agreement with
each statement using a 5-point Likert scale. Mean scores for each construct (pair of statements) were
calculated, and classified either in tertiles or as above or below the median (analysis of incorporating walking
or cycling into car journeys to and from work), and for longitudinal analysis, change scores for each construct
were created by subtracting the baseline value from the follow-up value for each participant.
TABLE 3 Constructs of the Theory of Planned Behaviour assessed in the core questionnaire
Construct Questionnaire item
Affective attitude Overall, it would be good to use a car
It would be pleasant to use a car
Subjective norm Most people who are important to me would support my using a car
Most people who are important to me think I should use a car
Perceived behavioural control It would be easy for me to use a car
I would be able to use a car
Intention I intend to use a car
I am likely to use a car
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Habit strength
We derived a summary score for habit strength using five items from the Self-Report Index of Habit
Strength applied to car use.39 These items referred to the behaviour being automatic, requiring effort not
to do, belonging to a daily routine, being something the participant found it hard not to do and being
‘typically me’. We excluded other items representing the frequency and history of past behaviour because,
in the context of a daily activity such as commuting, these could have artificially strengthened any apparent
associations between habit strength and behavioural outcomes. The distribution of our summary habit
score was skewed, with 40% of participants reporting a mean score of 1 (the lowest possible score).
A binary summary variable was therefore created to distinguish those with a mean score of 1 from those
with a mean score > 1.
Overall approach to analysis
Sample size estimation
In our original study design we aimed to achieve a sample of 788 participants at 1-year follow-up, which
would have provided 80% power to detect a standardised mean difference between intervention and
control groups of 0.2, equivalent to a mean increase of 2 minutes per day in our primary outcome of time
spent in active commuting.32 The study was not designed to have comparable statistical power to detect
changes in the secondary outcomes. The delayed completion of the busway resulted in an enforced
follow-up period of 3 years rather than 1 year and a concomitant reduction in the final sample size for
analysis. This smaller achieved sample would have provided 80% power to detect a mean difference of 4
minutes per day, which, although larger than the original target effect size, is still commensurate with the
effect sizes observed for comparable interventions in previous studies.27,69 In the event, the distribution of
the primary outcome data precluded the use of a continuous outcome measure to model the effect of the
intervention (see Chapter 5, Linking environmental change with travel behaviour change in commuters).
Quantitative analysis
Many different quantitative analyses are summarised in this report. Further details of specific analyses can
be found in subsequent chapters and in the relevant publications, but our general approach was to use
multivariable regression modelling to estimate adjusted associations between dependent (‘outcome’) and
independent (‘exposure’) variables. Most analyses involved the use of linear, logistic or multinomial
regression to model continuous, binary and categorical outcomes, respectively. We built up these models
in stages by progressively adjusting them for various sets of individual, household, geographic and other
covariates that were hypothesised to be potential confounders of the relationships of interest. We
generally selected such covariates to be taken forward into multivariable models if they met the generous
statistical criterion of being associated with the dependent variable at p< 0.25 in univariable analysis.
We stratified some models by prespecified effect modifiers, for example by gender in the analysis of the
correlates of physical activity and by baseline commuting behaviour in the main outcome analyses. We
mostly did not impute missing data for covariates, and we never imputed missing data for behavioural or
health outcome variables.
Qualitative analysis
The qualitative substudies produced a range of qualitative data, most notably interview transcripts but also
participant-produced photos, ethnographic field notes, and documents (newspaper articles and tweets). All
qualitative data were analysed using variations of thematic content analysis in which data were categorised
and synthesised into emerging themes. The initial coding was usually carried out by the researcher who
collected the data in the context of a particular substudy, with subsequent refinement and interpretation in
collaboration with other members of the research team. Various theoretical frameworks informed
particular analyses, for example practice theory and normalisation process theory from the fields of medical
sociology and anthropology, respectively (see Chapter 4, Active commuting in context, and Chapter 5,
Understanding the intervention).
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Ethical approval
Ethical approval for the different components of this study is summarised in Table 4.
TABLE 4 Ethical approval
Element of study
Year of data
collection
Body granting ethical approval
Hertfordshire Research
Ethics Committee
Cambridge Psychology
Research Ethics Committee
Phase 1 cohort study 2009 08/H0311/208
Phase 2 cohort study 2010 09/H0311/116
Phase 3 cohort study 2011 10/H0311/65
Participant observation study 2011 2011.50
Phase 4 cohort study 2012 2012.14
Intercept survey 2012 2012.31
Stakeholder engagement study 2014–15 2014.97
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Chapter 3 Methodological investigation
and development
Introduction
Methodological challenges exist in relation to the accurate assessment of commuting and physical activity
behaviours and characterising their social and physical context. In this chapter we illustrate the ways in
which we addressed these challenges in this study. We first report the validation of the primary outcome
measure used in the study, a self-reported measure of time spent walking and cycling for commuting. This
required the development of new methods to provide an objective estimate with which our self-reported
estimates could be compared. Following this, we summarise a series of papers using different methods to
assess overall physical activity and the distance from home to work. Finally, we report how we adapted a
method of qualitative investigation to obtain more insight into the individual and social dimensions of
commuting behaviour.
Validating a self-reported measure of time spent in
active commuting
Rationale
Accurate measurement of active commuting and associated physical activity in free-living conditions is
important for describing patterns in these behaviours and studying their determinants in populations.
It is also essential if we are to have confidence in the effect sizes from intervention studies and for the
attribution of subsequent health impacts. A validated, short, self-reported measure of time spent walking
or cycling for transport was not available when data collection for our study began in 2009. Many studies
have used comparatively simple measures of travel behaviour. These have often focused on either the main
mode of transport, that is the mode used for the longest part of a trip (if more than one mode is used),
or on the usual mode of transport, that is the mode used most frequently over a specified period of time.
Neither approach is entirely satisfactory for estimating the physical activity associated with commuting
because each entails simplifying the detail and complexity of travel behaviour. Focusing on the main mode
of transport means that active travel may be underascertained, because actual commuting journeys,
especially those involving public transport, often involve more than one mode of transport (‘multimodal’
trips) and may involve walking or cycling at either end of the trip. Focusing on the usual mode of
transport, on the other hand, may fail to capture day-to-day variation in the mode, distance or duration of
trips. Although some validation of the modes and frequency of trips recorded in detailed day-by-day travel
diaries has been reported, it remains important to validate measures of time spent in active commuting
because this information can be used to quantify the health impacts of commuting.70
The selection of a ‘gold standard’ method for validating self-reported measures in this field is challenging.
Direct observation of participants, as well as other methods such as wearable cameras, have been used in
other, smaller studies, but it is unlikely that these would have been acceptable to participants or practical
to implement in a study of our size.71 Likewise, the identification of walking and cycling from the data
captured by physical activity monitors is not sufficiently advanced to enable the time spent in active travel
to be confidently determined.72 A similar problem exists with the use of GPS data alone. These have been
used to infer mode of transport from either the maximum or the average speed recorded in a trip, whereas
in our study many participants commuted into city centre locations at low average speeds, often using a
combination of modes of transport, which would have increased the risk of misclassification.73,74
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We therefore developed a new method for obtaining objective estimates of the time spent using active
and motorised modes of transport, by combining reported data on mode of transport with georeferenced
combined heart rate and movement sensor data in a subsample of our study cohort. We then used these
objective estimates to assess the convergent validity of self-reported estimates of time spent in active
commuting derived from our core questionnaire data.75
Methods
In order to generate objective estimates of time spent using active and motorised modes of travel, and
total commuting travel time, it was first necessary to process the GPS data to identify commuting trips and
stages within trips. Because the processing and cleaning of trip-level GPS data is a labour-intensive task,
we selected a quasi-random sample of commuters from the larger subsample who provided combined
heart rate and movement sensor and GPS data, as well as information about their commuting trips in the
past week in both the travel diary and the core questionnaire, in either 2010 or 2011. We aimed to
include at least 50 commuting trips for each of six combinations of mode of transport found in the cohort
study: (1) walking, (2) cycling, (3) car or motorcycle only, (4) car in combination with walking, (5) car in
combination with cycling and (6) bus with or without walking or cycling (see Chapter 4, Patterns of active
commuting). Because relatively few participants had recorded walking all the way to or from work,
reflecting our recruitment strategy and local commuting patterns, we achieved only 42 such trips
for analysis.
We used the GIS to project the GPS data onto mapping information and to locate the home and
workplace of each participant. We then inspected the GPS tracks to obtain an objective estimate of the
total duration of each commuting trip by calculating the difference between the time at which participants
left home or entered the building outline of their workplace. If the trip involved only one mode of
transport (a ‘unimodal’ trip), it was added to the data set for analysis at this stage.
If a trip involved a combination of active and motorised travel, we needed to obtain objective estimates of
the duration of each stage of the trip. For trips that combined walking or cycling with car travel, we were
able to identify the time at which an active stage of the trip began from the combined heart rate and
movement sensor data alone, but this proved impossible for trips that involved walking or cycling in
combination with bus travel. We therefore cross-referenced the GPS data with the locations of bus stops,
which enabled us to more clearly identify the start and end times of the bus stages of trips. Waiting times
at bus stops before or after boarding were identified by GPS points with non-regular speeds in close
geographic proximity. These waiting periods were excluded from analysis, along with any periods of longer
than 5 minutes spent at a location en route (such as a school or shop) if no change in mode of transport
was reported.
Once the different stages of commuting trips had been identified, we calculated our objective estimates of
time spent using active and motorised modes of travel, as well as the total duration of the commuting trip.
We then carried out three comparisons to assess the convergent validity of our self-reported measures of
active commuting:
1. We compared estimates of the duration of commuting trips, and stages of trips, spent using active and
motorised modes of transport, as well as total trip duration, all derived from the detailed travel diary,
with the corresponding objective estimates.
2. We compared estimates of usual time spent using active modes of transport derived from the core
questionnaire with the corresponding objective estimates.
3. We compared the two self-reported estimates, namely the estimates of usual time spent using active
modes of transport derived from the core questionnaire with those derived from the detailed
travel diary.
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If data were of insufficient quality to allow modal transitions and destinations en route to be confidently
identified, trips were included only in the analysis of total trip duration and excluded from the analyses of
time spent using active or motorised modes.
Results
We carried out these comparisons separately for commuting trips that involved different combinations
of modes of transport. In the first comparison these showed that in the travel diary, participants
overestimated the time they spent walking or cycling to work by 1.13 minutes per trip on average
[95% limit of agreement (LOA) −7.67 to 9.95; p= 0.001]. The median duration of these trips was
38 minutes. The mean overestimation of active travel time was slightly larger in the subset of trips made by
walking or cycling alone (2.39 minutes per trip, 95% LOA −6.78 to 11.55), even though these trips
tended to be shorter, with a median duration of 17 minutes. However, the difference between objective
and self-reported estimates in this subset of trips was not significant (p= 0.25). For the subset of trips
involving active travel in combination with any motorised mode of transport, the magnitude of the
difference was smaller (mean +0.40 minutes per trip) but statistically significant (p= 0.001) (Table 5).
As we discuss in more detail below (see Interpretation), this suggests that participants are able to provide
acceptably accurate estimates of their active travel time for trips that also involve other modes of transport
in a travel diary. In contrast, we found that participants’ estimates of time spent using motorised modes of
travel were subject to a substantially larger overestimation than were their estimates of active travel time,
with an average overestimation of 10.48 minutes per trip (95% LOA −13.62 to 34.58). Trips involving
motorised modes in combination with active modes appear to be responsible for this finding (mean
difference 14.49 minutes per trip, 95% LOA −8.86 to 37.84; median total trip duration 45 minutes).
TABLE 5 Validating self-reported measures of time spent commuting by different modes of transport, derived
from a day-to-day travel diary
Quantity estimated
Number
of trips
Mean
difference (SD) 95% LOA p-value
Time spent in active travel for trip or stagea
All active trips 136 1.13 (4.49) –7.67 to 9.95 **
Walking or cycling only 50 2.39 (4.68) –6.78 to 11.55 NS
Walking or cycling in combination with other modes 86 0.40 (4.23) –7.90 to 8.69 **
Time spent in motorised travel for trip or stagea
All motorised trips 139 10.48 (12.30) –13.62 to 34.58 ***
Car only 40 0.56 (6.04) –11.27 to 12.40 ***
Car or bus in combination with other modes 99 14.49 (11.91) –8.86 to 37.84 *
Total trip duration
All trips 204 1.85 (8.75) –15.31 to 19.01 ***
Single mode used 90 1.40 (6.05) –10.46 to 13.26 ***
More than one mode used 114 2.21 (10.42) –18.21 to 22.62 ***
*, p< 0.05; **, p< 0.01; ***, p< 0.001; NS, not significant.
a Where only one mode was used, this represents the duration of the trip; where a combination of modes was used, this
represents the duration of the active or motorised stage(s) of the trip. Distances and durations given were derived from
objective estimates. The number of trips used does not equate to the sum of trips made by ‘car only’ and ‘walking or
cycling in combination with other modes’.
Agreement between travel diary and objective estimates of time spent using active and motorised modes and total trip
duration. Statistically significant differences are in bold.
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When we compared estimates of usual active commuting time derived from the core questionnaire with
the corresponding objective estimates, we found differences of a similar magnitude to those observed in
the travel diary comparisons. The difference was smaller for cycling, with an average underestimation of
1.12 minutes per trip compared with a median reported usual time of 17 minutes (95% LOA –8.67 to
6.44, n= 11 participants), than for walking, with an average overestimation of 2.37 minutes per trip
compared with a median reported usual time of 13 minutes (95% LOA –10.91 to 15.64, n= 16
participants); neither difference was statistically significant (p> 0.35). The questionnaire and objective
measures showed stronger agreement for time spent cycling (with a concordance coefficient of 0.96) than
for walking (with a concordance coefficient of 0.84).
In our third comparison, we found that the questionnaire estimates of usual active travel time were not
significantly different from the mean duration derived from the trips reported in the travel diary (p> 0.1),
with an average difference of less than 1 minute per trip for both cycling and walking.
Interpretation
When we compared estimates of active and total travel time from day-by-day travel diaries and from
retrospective questionnaires to objective estimates, both self-reported measures performed acceptably well
for our purposes. The mean differences between self-reported and objective estimates were relatively
small, both for the detailed travel diary (an overestimation of approximately 1 minute per trip) and for the
retrospective travel record. These findings are similar to those of previous validation studies.71 The results
of the travel diary comparison further suggest that where trips involved a combination of active and
motorised modes of transport, participants tended to report the duration of the active stages more
accurately than the duration of the motorised stages. The small mean overestimation in the self-reported
measures indicates that such methods can provide a reasonably accurate estimate of aggregate active
commuting time in a population. Nevertheless, the wide LOAs indicate a risk of substantial over- or
underestimation at an individual level, which means that self-reported measures should be used with
caution to infer aggregate weekly quantities of physical activity as part of commuting. For example, a
2-minute overestimation per trip corresponds to a 20-minute difference over a 5-day working week. The
effect sizes of the most promising interventions to promote walking for transport are of the order of
15–30 minutes per week, which is directly comparable to the size of the measurement error suggested by
our analysis.27 This suggests that evaluations of interventions that are anticipated to have relatively modest
effect sizes may have limited power to detect effects on time spent in active commuting if they rely on
self-reported measures alone, because the potentially large measurement error may mask small but
important real changes in behaviour.
For further details, see Panter et al.75
Comparing methods for measuring physical activity
Rationale
Although the measurement of physical activity is an area of investigation in its own right and our study
was not designed to compare different measures of physical activity, we explored the possible
consequences of using different measures of physical activity in two papers.
In the first paper, we investigated which of a range of sociodemographic, health and geographic
characteristics were associated with either self-reported (‘reported’) or accelerometer-measured (‘recorded’)
estimates of daily time spent in MVPA.76 We did this because our knowledge about the extent to which
the correlates of physical activity vary according to the approach to measurement is limited.77 If different
measures were to identify different correlates, this would in turn suggest different determinants of change
in physical activity and the possibility that different intervention effects might be detected with different
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measurement methods. In the second paper, we set out to understand the characteristics of those whose
physical activity level was ranked differently according to the approach to measurement.78 This is important
because such mismatches may complicate the assessment of the effects of interventions.
Methods
Both papers used baseline cohort data from 2009. In the first paper, ‘recorded’ daily time in MVPA was
derived as previously described (see Chapter 2, Derivation of key variables).76 In the second paper, we
processed the accelerometer data to obtain average daily accelerometer counts per minute for each
participant.78 Participants were further assigned to one of three groups according to whether their average
level of physical activity was (1) ranked equally (i.e. categorised in the same quartile) by self-report and
accelerometer, (2) ranked higher (i.e. categorised in a higher quartile) by self-report than by accelerometer,
or (3) ranked higher by accelerometer than by self-report. For both papers, participants needed to provide
accelerometer data on at least 3 days to be included in analysis, and the analysis was carried out separately
for men and women because previous research suggests that the correlates of physical activity differ by
gender. Multiple regression models of recorded daily time in MVPA were adjusted for accelerometer wear
time, because participants who wore the accelerometer for longer periods tended to accumulate more
minutes of physical activity.
Results
The first paper showed that different correlates were associated with ‘reported’ and ‘recorded’ daily time
spent in MVPA, and few variables were associated with both measures in either men or women.76
In men, four individual characteristics were significantly associated with reported MVPA. Men who had
a standing or manual occupation as opposed to a sedentary occupation, who did not have at least
degree-level education, who had access to a bicycle and who reported a mental component summary
score above the lowest quartile reported substantially more MVPA. Different variables were significantly
associated with men’s recorded MVPA. Men who lived with additional adults in the same household,
or in areas with higher proportions of greenspace, achieved lower levels of recorded MVPA.
In women, three variables were significantly associated with reported MVPA. Women with access to a
bicycle and with degree-level education reported more time spent in MVPA per day, while women in
households with at least one child reported less. In contrast, one variable – having at least degree-level
education – was associated with higher recorded MVPA. Both having access to a car and being overweight
or obese were associated with lower recorded MVPA. Although the directions of associations tended to be
consistent across both measures for variables such as age, access to a bicycle and weight status, especially
for women, not all of these associations were statistically significant.
In the second paper, we found that approximately one-third of participants were ranked in the same
quartile with both physical activity measures, while one-third were ranked lower, and one-third ranked
higher, on one measure than the other.78 In adjusted analyses, the physical activity of overweight or obese
individuals was less likely to be ranked in a higher quartile by an accelerometer than that of normal-weight
individuals [odds ratio (OR) 0.54, 95% confidence interval (CI) 0.32 to 0.92] and twice as likely as that of
normal-weight individuals to be ranked in a higher quartile by self-report (OR 2.07, 95% CI 1.28 to 3.34).
These overall results were replicated in the separate analysis for women, but not in that for men. This
suggests that individual characteristics such as gender and weight status may be associated with
mismatches in estimates of physical activity between different measures.
Both analyses included a smaller number of men than women, which may have further reduced the power
to detect associations in this group. In addition, the estimates of reported and recorded MVPA used in
these analyses were neither synchronous nor of matching duration, in that ‘recorded’ activity was
measured over 7 days, whereas ‘reported’ activity was captured in terms of weekly frequency and average
duration over the past 4 weeks and transformed to daily MVPA. However, it is unlikely that levels of
activity differed systematically between these two time periods.
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Interpretation
The results from these two papers illustrate some common themes. The first paper indicated that few of the
sociodemographic characteristics investigated were associated with both recorded and reported measures of
daily time spent in MVPA, and the second paper showed that it was common for people’s activity to be
ranked differently according to the measurement method. These findings probably reflect differences in
the way activity is ascertained by questionnaires and activity monitors. Activity of ‘moderate to vigorous’
intensity covers a very wide range of behaviours, such as cycling, swimming and team sports, which are
undertaken in a variety of settings and may be differentially related to sociodemographic, health and
contextual characteristics. Questionnaires collect information on physical activity behaviours, while devices
measure physical movement. Although our experience, as well as that of others, suggests that pedometers
or accelerometers capture walking adequately for most purposes, other devices or, indeed, self-reported
measures may be required to capture a wider range of activities. At the same time, the different specificities
of measurement techniques need to be weighed against the practical implications of using them in different
situations. In some cases, it may be helpful to use a combination of reported and recorded measures to
establish a more accurate and comprehensive assessment of context-specific behaviours.
For further details, see Panter et al.76 and Tully et al.78
Comparing methods for estimating distance to work
Rationale
Previous research suggests that the physical environment is an important influence on active commuting,
and the distance of the daily commuting journey has been shown to have a strong and consistent
influence on travel behaviour.79 Distance between home and work can be assessed in several ways: by
asking people to report the length of the route, by modelling a likely route or by measuring the length of
the actual route. Although distance to work may be relatively accurately recalled because the journey to
work is made regularly, self-reported distance may still be subject to recall bias. When modelling routes
using a GIS, it is often assumed that the shortest available route is used with the aim of minimising travel
time,80 but this may be different from the actual route used, for example if commuters take children to
school on the way to work or go shopping on the way home. The choice of route may depend on
several factors, including the social context in which household decisions are made as well as individual
preferences and physical constraints. One way of capturing data on the actual routes followed by
commuters is to use GPS devices. Although these are increasingly small, unobtrusive and affordable, the
participant has to remember to wear the device and recharge it each night, and considerable effort is
required to clean, process and analyse the resulting data. To explore the implications of relying on
modelled routes instead of collecting GPS data from a large number of participants, we investigated the
differences between distances estimated on the basis of GIS-modelled routes and those derived from
actual routes recorded using GPS.81
Methods
We derived distances representing the shortest route available between participants’ home and work
locations with the help of the route networks created in the GIS. For participants who reported having
used the car, we used the car route network to model the shortest possible route from their home to their
workplace. For participants who reported having walked or cycled, we used the pedestrian and cyclist
route network to model the shortest possible route. Distances estimated on the basis of GIS-modelled
routes thus reflected the actual modes of transport used by each participant.
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Actual routes were obtained from the GPS receivers worn by a subsample of participants in 2010 and
2011. Briefly, this involved extracting GPS data for the relevant trip in the GIS, as well as any intermediate
destinations that were visited en route, with the help of background mapping and aerial photography.
Scattering of data points resulting from signal error or reflection from buildings was removed manually.
We used multilevel mixed-effects generalised linear regression models to assess the concordance of
GIS-modelled and actual commuting routes; in the published paper, we also compared other features
of the modelled and actual routes travelled between home and work.81
Results
We found that the actual routes taken by commuters often diverged from modelled routes, sometimes
substantially. On average the actual routes were 27% or 4.3 km longer than modelled routes, but this
summary result conceals important differences depending on which mode of transport was used. Actual
routes were even longer among those who travelled to work by car, either singly (35% or 6.5 km) or in
combination with walking (25% or 6.2 km) or cycling (26% or 5.0 km). In contrast, the lengths of actual
routes followed on cycling trips were closer to those of the modelled routes, with an average difference of
23% or 0.9 km. Actual walking trips were 13% or 0.2 km shorter than modelled routes, suggesting that
participants who walked to work may have used cut-throughs and other paths not present in the route
networks used to model routes. Agreement between route lengths was highest for walking and cycling,
with concordance coefficients above 0.93, and lowest for trips made entirely by car, with a concordance
coefficient of 0.44.
Taking as an example one participant who travelled 20 km from work to home by car, the shortest route
modelled using the GIS underestimated the actual distance travelled by 79% and overlapped the actual
route for only 15% of its length. For a second participant who walked 2.2 km from work to home, the
route was more similar in length to that modelled using the GIS but only 19.2% of the route overlapped
the modelled route. Figure 3 provides a graphical example of this type of divergence between actual and
modelled routes.
Interpretation
Modelled routes and actual routes can differ substantially. Many commuting journeys are not made
with the aim of minimising travel time by choosing the shortest distance, but instead often incorporate
other destinations. The next chapter offers additional insights into the motivations for route choice,
either to avoid undesirable features of the shortest available route or to experience desirable features of
the alternative route. Nevertheless, the shortest modelled route to a destination – whether this is a
workplace, or the nearest bus stop or access point to the path on the busway – may be a reasonably
accurate estimate of the actual distance followed, particularly for walking or cycling trips, and can serve
as an indicator of the accessibility of that destination for a given participant (see Chapter 5, Linking
environmental change with travel behaviour change in commuters).
For further details, see Dalton et al.81
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FIGURE 3 Comparison of actual and modelled commuting routes. The actual route taken – by bicycle in this
example – is longer than the modelled route and overlaps only in parts. In practice the hypothetical participant
takes a less direct route, travels along quieter roads and passes fewer destinations than the modelled route
would suggest.
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Eliciting motivations and contextual factors
Rationale
In the previous section we noted that the actual routes taken by commuters often diverged from the
shortest route available, in some cases substantially. This provides a clue that commuting decisions may
be more complex than commonly assumed. From the outset, we had envisaged using qualitative methods
to explore, and arrive at an ethnographically ‘thick description’ of, individual everyday commuting
decisions.82 The semistructured interviews we conducted with this end in mind tended to revolve around
the practicalities of commuting, that is how people made commuting decisions to fit their social lives
and any structural barriers that prevented them from making their preferred choices, but it was difficult to
get people to reflect on their commuting behaviour beyond these concerns. We therefore decided to
adopt ‘photo-elicitation’ techniques – using participant-produced photographs as an interview guide – to
gather unstructured, open-ended information on participants’ experiences and the meanings they gave
to them. In this section, we describe the ‘photovoice’ procedure we developed to address this challenge
and the methodological questions it helped us to address.83
Methods
Qualitative research that aims to capture experiences that are not easily verbalised usually adopts an
ethnographic method, in which the researcher observes and participates in the behaviour or event of
interest, and engages the participant in informal conversations about the meanings given to these. The
difficulties of getting participants to reflect on their regular commuting behaviour raised the question of
how we would be able to obtain observational ethnographic insights into commuting experiences and
decision-making without physically joining each participant on their commute. So-called ‘walk-along’
interviews may have been successfully adapted as ‘bus-alongs’ in other studies but seemed less than ideal
for cycle commuting, which was prevalent in our sample. Instead, we decided to attempt to capture
commuting experiences ethnographically with the help of the visual method of photo-elicitation.
Participants were given low-tech, unintimidating disposable cameras; others chose to use their own digital
cameras or mobile phone cameras. With minimal direction, they were asked to take some time on their
way to or from work to pause on their journeys and reflect on aspects of their behaviour that they might
take for granted or undertake habitually. They could document their actual commuting journeys and
aspects or experiences of the journeys that were significant to them, or an ‘ideal’ (desired) commute. We
subsequently met participants for follow-up interviews, which lasted between 20 and 60 minutes. These
elicitation interviews were purely driven by the discussion of the photographs produced by participants or
the subset of photographs that the participants had selected for discussion.
Participants sorted their photographs into a particular order, usually to correspond with the stages of their
usual journey. Many had prepared the narrative, or purpose, of their photo story before the interview.
Some also provided written ‘memos’ with their photographs, which were also analysed. At the end of the
interview, participants drew the journey they had documented on a map; some pointed out where the
photographs had been taken along the route. In addition to the photographs and subsequent interviews,
which were audio-recorded and transcribed, ethnographic data collection also included general
observation of travel practices in the local area and local public discourses around travelling, in order to
further contextualise participants’ representations of travel behaviour.84 We framed our interpretations
within anthropological theories of well-being,85 visual anthropology86 and social practice theories,87
eventually funnelling our analytical findings towards three themes.88
Results
Participants produced over 500 photographs in total. Most strikingly, when applied to commuting the
photovoice method brought to light a range of experiences that had been absent in semistructured
interviews focusing on the practicalities of commuting. In particular, many of the photovoice accounts
focused on positive experiences of what we termed ‘well-being’ in commuting. For example, a number of
participants produced accounts of themselves enjoying pleasant scenery. Others appreciated commuting as
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a relaxing or otherwise valuable transitional time between home and work life. Still others supplied
photographs of unorthodox use of the busway, even before its opening (Figure 4). The insights gained by
this method are described in more detail in the following chapter.
Interpretation
Although our approach produced data that were rich and strikingly different from those produced from
our other quantitative and qualitative methods, the question then arose as to how these data should be
treated analytically. Did these photovoice narratives produce credible insights into the actual experiences,
or at least aspirations, of Cambridge commuters, or did the participant-produced photographs simply
represent the subjects of relatively easy photo opportunities? We suggest that the photovoice procedure
allowed participants to uncover and subsequently describe different, but no less real, experiences and
emotions related to commuting. These experiences were captured in photographs and richly described
during the elicitation interview. Moreover, many used the opportunity of the elicitation interview to explain
how they had failed to capture all of their experiences with their cameras, narrating these instead as
‘would-be’ pictures – still continuing the same themes as they relayed through their photo-stories. This
suggests that their photovoice reflected more than simple ‘Kodak moments’ and provided insights into the
actual, in part inner, experiences of commuters. Finally, not all participants documented or described
positive experiences of commuting, and narratives of stress and distress could also be explored in greater
detail with the help of participants’ photographs.
FIGURE 4 Participant-produced photographs of well-being in commuting. Photographs reproduced with permission
of participants.
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The different accounts produced in the initial and photo-elicitation interviews thus did not discredit each
other’s findings, but provided different kinds of insights into commuting experiences, the latter providing
insights suitable for a ‘thick description’ even if these might have been difficult to obtain by standard
ethnographic methods such as participant observation. We conclude that photography can produce rich
observational data in addition to traditional methods of interviewing and focus groups, and thereby help
to document and understand a more complete and complex picture of commuting-related experiences.89–91
For further details, see Guell and Ogilvie.83
Conclusion
In this chapter, we have shown how we investigated, adapted or developed a variety of methods for
studying commuting and physical activity behaviour. Above all, our comparison of self-reported and
objective estimates of time spent walking and cycling to and from work suggests that the estimate of
weekly time spent in active commuting derived from our core questionnaire was fit for purpose – albeit far
from perfect – for the evaluation of the busway. We have also presented our exploration of different ways
of capturing key constructs of importance to the study. This illustrates how the choice of method can
influence not only the practicality of measurement but also the inferences that may be drawn, for example
about the correlates of physical activity or the characteristics of commuting routes. Our subsequent
evaluation of the busway, therefore, drew on findings using different types of data, analysed from a
variety of perspectives, to draw robust and meaningful conclusions about its effects.
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Chapter 4 Understanding active commuting
Introduction
In the previous two chapters we described the general approach and methods for the study, the data
collected, and the investigation, adaptation and development of methods using these data. In this chapter,
we describe how we used a variety of methods to improve our understanding of active commuting. We
focused on understanding the baseline patterns of commuting behaviour in our cohort, the relationships
between active commuting and aspects of health and well-being, and the ways in which the social and
physical environment shape active commuting. This understanding was important for the subsequent
evaluation of the busway, an intervention that involved changing the social and physical environment
for commuting.
Patterns of active commuting
When participants were asked about their usual mode of travel to work at entry to our study cohort in
2009, 43% reported using the bicycle, 39% reported using the car and 11% reported using public
transport, while only 7% reported walking. Cambridge is known for its high prevalence of cycling, which
is well above the national average, and as such these mode shares were broadly representative of the
patterns in the local population.92 The small proportion of participants who reported usually walking to or
from work reflects our decision not to recruit commuters who lived in the same immediate area of the city
as their workplace.32
The retrospective 7-day commuting data showed that when participants were asked to report all modes of
travel used for commuting, more than one-quarter reported using combinations of modes within a trip,
for example by combining walking with public transport or by driving part of the way and cycling the
remainder.62 Over 50 unique modes or combinations of modes of travel were reported, suggesting that
simple classifications such as ‘main’ or ‘usual’ mode of transport may fail to adequately capture the
complexity of commuting behaviour.
Although it is widely acknowledged that public transport users incorporate walking or cycling into their
journeys,24 we found that some car commuters did the same. Among those for whom the car was the
most frequently reported mode of transport in the past 7 days, 31% reported usually incorporating
substantial (of at least 5 minutes’ duration) walking or cycling into their commuting trips.93 Of those who
reported ‘always’ or ‘usually’ commuting by car, similar-sized minorities had combined this with walking
(14%), cycling (9%), public transport (5%) or a combination thereof (3%) during the past week, or had
made some commuting trips without using the car at all (8%).94 This suggests that car users also have the
potential to accrue substantial amounts of physical activity as part of their journey to and from work.
Alongside our identification of modal combinations, we computed the duration of walking and cycling
within commuting trips. The median time spent in active commuting at baseline was 120 minutes per
week (IQR 33–200 minutes per week), but this concealed differences in the distribution of weekly time
spent walking and cycling. Only 30% of participants reported spending any time spent walking for
commuting, and in most analyses it was, therefore, appropriate only to distinguish between those
participants reporting ‘no walking’ and those reporting ‘any walking’ for commuting. In contrast, more
than half (53%) of participants reported spending any time cycling for commuting. In subsequent analyses,
we therefore distinguished between ‘no cycling in the last week’, ‘1–149 minutes per week’ and
‘150 minutes per week or more’.62
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Between 2009 and 2010, the modes of travel used for commuting in our sample were relatively stable.
Based on the data from the retrospective 7-day travel record, the majority of participants did not change
their most frequently reported mode (or combination of modes) of travel. Twenty-one per cent used the
car and 68% used an alternative to the car as their most frequent mode of transport at both time points,
while 6% switched to the car and 6% switched away from the car.56 Consistent with these results, we
found small average changes in weekly time spent walking or cycling for commuting over the first year
of the study. However, those who switched away from the car reported substantial and statistically
significant mean increases in time spent walking and cycling, whereas those switching to the car reported
substantial mean decreases. Changes in time spent walking and cycling for commuting were significantly
different between the four groups of participants categorised in this way (p< 0.001 for both walking
and cycling; Figure 5).
However, we found a larger and statistically significant decrease in time spent in active commuting in the
overall sample between 2009 and 2012, the period covered by the main evaluation. The median time
spent in active commuting fell from 120 minutes per week (IQR 33–200 minutes per week) in 2009 to
100 minutes per week (IQR 0–170 minutes per week) in 2012 (p= 0.001). This decrease in active
commuting was mostly due to a decrease in time spent cycling (medians 70 vs. 40 minutes per week;
p= 0.016), and was accompanied by an increase of two percentage points in the proportion of
commuting trips made entirely by car.
In summary, despite 85% of the sample having access to a car, active commuting was a highly prevalent
behaviour at baseline, which declined somewhat over the duration of the study in the overall sample.
Among other things, this pointed to the value of investigating why people chose to walk or cycle to work
despite having access to a car (see Active commuting in context) as a step to understand the propensity to
change commuting behaviour.
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Relationships with physical activity, health and well-being
Physical activity
Previous research suggests that active commuting is associated with higher levels of physical activity.
However, most studies of this relationship have considered only the main mode of transport as the
independent variable in their analyses.23,95–97 Having found that a substantial proportion of commuters used
a combination of active and motorised modes of transport, we deduced that using a measure of time spent
in active commuting would more accurately capture all relevant activity on the journey to and from work.
Using objective measures of daily time spent in MVPA collected with accelerometers in 2009 (see Chapter 2,
Derivation of key variables),98 we found that time spent in active commuting was associated with time
spent in total physical activity, even in a sample in which participants recorded a relatively high mean of
55 minutes of daily MVPA (Table 6). Compared with those who reported no walking for commuting,
those who reported spending 1–149 minutes per week walking for commuting recorded an additional
6.5 minutes of daily MVPA, and those who reported spending more than 150 minutes per week recorded
an additional 14.3 minutes of daily MVPA (p= 0.01). We did not observe statistically significant associations
between time spent cycling for commuting and total physical activity in men or women, possibly in part due
to the underascertainment of physical activity associated with cycling by hip-worn accelerometers. Total time
spent in active commuting was not associated with MVPA in men; but for women, spending 150 minutes or
more in active commuting per week was associated with an additional 8.5 minutes of daily MVPA (95% CI
1.8 to 15.3; p= 0.01). The lack of an association in men may have reflected the smaller sample of men
available for analysis and their tendency to cycle more and walk less (see Active commuting in context).62
For further details, see Yang et al.98
We also investigated the relationship between active commuting and physical activity using the enhanced
activity monitoring data collected in 2010 and 2011, because the combined heart rate and movement
sensor data allow for a more accurate assessment of physical activity than hip-worn accelerometers. We
analysed 181 commuting trips made by 41 participants, objectively deriving the trips by inspecting the GPS
data to identify when participants left home and arrived at work, and using the georeferenced combined
heart rate and movement sensor data to estimate the energy expenditure associated with different modes
or combinations of modes of transport (see Chapter 2, Derivation of key variables).
Although walking or cycling all the way to work involved substantial energy expenditure as expected, their
incorporation into longer motor-vehicle journeys also made an important contribution in this respect.
Compared with those who drove all the way to and from work, participants using any other mode or
combinations of modes expended significantly more energy per minute (Table 7). Adjusting for other
factors, regression analysis showed that those who commuted by bus expended an additional 0.7 METs
each minute on average. Combining car use with walking and cycling was associated with additional
energy expenditure of approximately 0.6 and 1.6 METs per minute, respectively, while those who walked
or cycled all the way to work expended an additional 2.5 and 3.9 METs, respectively.
For trips in which walking and cycling were reported in combination with other modes, the median
fraction of the total duration of the trip spent in MVPA was 20%. This equates to around 8 minutes for
an average commuting trip of around 40 minutes (see Chapter 3, Validating a self-reported measure of
time spent in active commuting), and over the course of 1 week this could amount to over half the
recommended weekly levels of physical activity for adults.
For further details, see Costa et al.99
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In summary, we found evidence of an association between time spent in active commuting and total
physical activity, regardless of the main mode of travel to work. Engaging in 150 minutes or more of active
commuting per week was associated with achieving an additional 8.5 minutes of daily MVPA among
women, which corresponds to about 16% of the achieved daily MVPA in this population and about 30%
of the recommended minimum level of MVPA. We further showed that active commuting was associated
with substantial additional energy expenditure, and that incorporating even modest quantities of walking
and cycling into the journey to and from work could make a substantial contribution to meeting physical
activity guidelines.
Health and well-being
Previous quantitative research has found consistent associations between physical activity and physical
and mental well-being. However, this evidence comes mainly from studies examining relationships with
recreational physical activity.100–103 Although active commuting may be associated with higher levels of
physical activity, an association between active commuting and physical or mental well-being cannot be
assumed, and therefore we investigated this association using the summary scores of both physical and
mental well-being derived from the SF-8 instrument included in the core questionnaire (see Chapter 2,
Derivation of key variables). The analysis was adjusted for known correlates of active commuting (gender,
age, educational attainment and distance between home and work) and in particular for time spent in
recreational and work-related physical activity (see Chapter 2, Derivation of key variables). Given that
being overweight or obese may confound or mediate any relationship between active commuting and
well-being, we also tested the effect of excluding weight status from these models.
In this cross-sectional analysis of data collected in 2009, we found that time spent in active commuting
was positively associated with self-rated physical well-being and that the largest benefit was associated
with participating in at least 45 minutes of active commuting per day. Those with ‘very high’ levels
(> 225 minutes per week) of active commuting reported PCS-8 scores that were on average 1.21 points
higher than those with ‘very low’ levels (0–29 minutes per week). Including weight status in the analysis
slightly attenuated the relationship between active commuting and physical well-being. Although the
effect size was lower than the threshold for ‘clinical significance’ in SF-8 summary scores, it may
nevertheless correspond to some degree of ‘population significance’ in settings in which active commuting
is common.
For further details, see Humphreys et al.104
TABLE 7 Physical activity energy expenditure associated with different modes of travel to work
Mode or combination of
modes of transport
Sample size
(trips/individuals)
Trip duration,
median (IQR)
(minutes)
Trip distance, median
(IQR) (km)
PAEE, median
(IQR) (METs per
minute)
Car 35/11 31 (22–38) 25.88 (20.50–29.63) 1.28 (1.16–1.78)
Bus 38/10 45.5 (38–65) 12.41 (8.21–22.85) 1.67 (1.16–2.02)
Car and walking combined 34/12 47 (33–65) 35.87 (28.67–40.26) 1.78 (1.56–2.57)
Car and cycling combined 28/15 35 (33–41) 20.71 (19.01–23.55) 2.21 (1.67–3.03)
Walking 15/5 14 (2–22) 1.41 (0.30–2.16) 4.61 (4.29–4.95)
Cycling 32/8 27 (14–42) 7.24 (3.71–12.13) 6.44 (4.40–7.00)
Distances and durations given were derived from objective estimates.
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Although we found no association between active commuting and mental well-being in this quantitative
analysis, our qualitative findings suggested that participants articulated well-being in a variety of ways (see
Chapter 3, Eliciting motivations and contextual factors).83 In the photo-elicitation study, many participants
produced images of the landscape or of nature, and follow-up interviews contained stories of relaxation
and ‘me time’ on the commute. Photovoice showed that people can take pleasure in commuting: ‘I really
enjoy my cycle to work . . . [the scenery is] absolutely glorious’ (woman, 34, who commuted by bicycle).
Commuters did not necessarily regard travel time as ‘wasted’ time.50 This well-being in commuting was
experienced not only by those who walked or cycled but also by car drivers. One participant, who had
spent many years cycling in Cambridge, reflected on the tensions involved in sharing the road with others
as a more vulnerable road user and reported: ‘I would say I’m much calmer now I drive and I don’t cycle’
(woman, 57, who commuted by car and parked on-site).
Some photovoice accounts also focused on negative experiences of commuting, such as traffic, stress,
danger and boredom. For example, one cyclist photographed a sign that lights up to alert drivers to the
fact that they are travelling faster than the speed limit, to document that ‘90% of the cars are breaking
the speed limit’ (man, 62, who commuted by bicycle). However, those who depicted negative aspects
sometimes also mentioned more positive experiences. Appreciating joyful, positive aspects of commuting
may serve as a tactic to make everyday travel routines habitable; however, it seems that a sense of choice
is important in experiencing ‘happy’ commutes.83 For example, one participant reported how he chose a
route that he found pleasant: ‘All along my route is . . . it’s all green, there are huge houses with nice
gardens and I’ve started to choose the route now for its pleasantness at the start of the morning . . .’
(man, 44, who commuted to by car to a park-and-ride site and continued by bicycle).
For further details, see Guell and Ogilvie.83
In summary, time spent in active commuting was positively associated with a summary measure of physical
well-being, independent of recreational and work-related physical activity. It is possible that associations
between active commuting and physical well-being would be less favourable in other contexts, for example
where active travel may be imposed rather than chosen; in our qualitative analysis, positive experiences of
commuting appeared to be associated with having choices. We found no association between time spent in
active commuting and mental well-being. However, our qualitative research suggested that well-being
during commuting might be experienced and articulated in different ways to those captured in the survey,
and not necessarily only in relation to active commuting.
Active commuting in context
This section begins by discussing the role of attitudes and beliefs in active commuting, before moving on
to consider a range of broader contextual factors relating to the social and physical environment.
Attitudes and beliefs
Some of the attitudes and beliefs assessed through the psychological measures included in our core
questionnaire were associated with time spent in active commuting. For example, we found that
participants who reported the highest level of perceived behavioural control with respect to car use – that
is, those who agreed that ‘it would be easy’ for them to use a car or that they ‘would be able’ to use a car –
were approximately half as likely to report any time spent walking as those who did not. Other findings
were not entirely as expected. For example, the most favourable affective attitudes towards car use – that is,
broad agreement that ‘it would be pleasant’ or ‘it would be good’ to use a car – were negatively associated
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with time spent cycling for commuting but positively associated with time reporting walking for commuting.
This may in part reflect the prevalence of a pattern of behaviour in which some commuters drove part of
the way to work and walked the remainder of the journey, and thus might report both a favourable
attitude towards driving and spending time walking to work.62
For further details, see Panter et al.76
The remainder of the psychological measures included in our core questionnaire revealed no associations
with the uptake or maintenance of walking, cycling or alternatives to the car in longitudinal analysis,
except that participants with less favourable affective attitudes towards car use were five times more likely
to maintain an alternative to the car as their most frequently used mode of transport.56
The limited and sometimes confusing patterns of associations of these psychological constructs with active
commuting may in part reflect the facts that the questionnaire items permitted different interpretations
and the responses might have been sensitive to unmeasured contextual factors. Our qualitative research
illustrated that attitudes relating to commuting behaviour were complex and ambiguous, or involved
factors that were outside the scope of our core questionnaire. As we have seen above, participants
appreciated having choices about their commute because this gave them control over their overall journey
experience. We described the opportunity to control interactions with other commuters and to have
personal space on the journey as ‘the choreography of avoidance’.94 Interviewees often elaborated how
they achieved this; it affected all modes of travel, and appeared primarily to be about avoiding unpleasant
or stressful interactions with other commuters. Cyclists explained how they chose routes away not only
from cars, but also from pedestrians. Others avoided groups of school children on public transport, and still
others preferred cars to public transport in order to have their own space, as illustrated by the interview
excerpt below. Car and public transport commuters frequently described leaving early to avoid the delay
and unpredictability of travelling in rush hour or – less frequently – to find a parking space.94
I was getting very stressed . . . because of the behaviour of others on the road. Yeah, I think it’s
important to have some sort of me-time and I actually find that works very well now I’m in the car for,
well, I suppose on average an hour a day.
Woman, 57 years, who commuted by car and parked on site
Finding quick, reliable and convenient commuting routes was described as an important factor in decision-
making, but pleasantness or opportunities for relaxation and ‘me time’ were equally valued – often by the
same participants.50
Convenience was a particularly prominent theme. Some participants cited the frequency of public transport
or the time when they had to be at work to explain why a particular mode of transport was more convenient.
Convenience could trump personal dislike of cycling, and sometimes it appeared to capture the overall
burden or ease associated with commuting, as the following interview excerpts illustrate in turn.51
The buses were really convenient, they would go maybe every 5 minutes.
Woman, 48 years, who commuted by car to a park-and-ride site and continued on foot
I don’t actually enjoy cycling really, I do it purely because it’s convenient.
Woman, 30 years, who commuted by bus and sometimes by car
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Because parking is difficult in the centre of Cambridge, on this site in particular, it would be difficult to
bring the car in and it’s slower and more expensive so yeah, that’s the main reason . . . Before I lived
there I would come in on the motorbike . . . That was quite good but really it’s just more convenient
on the train . . .
Man, 55 years, who commuted by motorbike
For further details, see Guell et al.50
The complex reasoning behind commuting choices and the importance of convenience were echoed in our
mixed-method analyses that explored why participants who reported non-conducive route environments
nonetheless walked or cycled to work, and in the experiences and motivations of participants regarding
commuting around the period of moving home, which we report below.51,52
Social factors
Individual sociodemographic factors
A number of individual and household characteristics were associated with mode choice and active
commuting. It became apparent early in the study that active commuting, and cycling in particular, was
patterned by gender. Men were four times more likely than women to report cycling rather than driving,
and two and a half times more likely to report walking rather than driving, as their usual mode of
transport to work.55 Further, men were twice as likely to report spending any time cycling for commuting
but half as likely to spend any time walking,62 and analysis of the more detailed 1-day travel record in our
core questionnaire confirmed this.105 Men thus had higher odds of reporting an active usual mode of
commuting, and in particular were more likely to incorporate cycling, while women were more likely to
report some walking for commuting.
We also found that markers of individual socioeconomic position – such as having access to a car, living in a
more affluent area, or possessing a university degree – were associated with commuting choices. Not
surprisingly, participants living in households with one or more cars were less likely to walk, cycle or use
public transport than those without access to a car.55 Other indicators of socioeconomic position exhibited
less intuitive relationships with active commuting. For example, living in areas of relative income deprivation
appeared to reduce the likelihood of walking as the usual mode of transport.55 Similarly, participants with at
least degree-level education were twice as likely as those without degree-level education to report cycling
rather than driving as their usual mode of travel to work, and were also more likely than those without
degree-level education to report spending any time cycling to and from work.62 These associations were
echoed in our analysis of shopping and leisure trips reported in the 1-day travel record.105 Nevertheless,
when sociodemographic variables were combined with environmental factors in quantitative models, these
explained only a relatively small amount of the variation in commuting behaviours. Greater understanding
of the interaction between sociodemographic factors and the particular social and environmental contexts
in which these play out could help to clarify these associations.55,62,105 We explored this further in a
mixed-method analysis of the social lifeworlds of Cambridge residents (described in Linking individual
sociodemographic factors and social lifeworlds), in which lower socioeconomic positions were more likely to
require longer commutes and, therefore, car driving.94
For further details, see Carse et al.105
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Social ties and commitments
The importance of social ties and commitments in shaping active commuting became apparent through
quantitative evidence that having children appeared to influence commuting choices. For example, we
found that those with at least one child in the household were more likely to report cycling as their usual
mode of travel to work, and more likely to report spending any time cycling to and from work than those
without children.55,62 In longitudinal analysis, we found that commuters with children in the household
were more likely to take up walking than those without children.56 We also found that parents’ mode of
travel to work and children’s mode of travel to school were related: children were more likely to walk or
cycle to school if their parent reported walking or cycling as their usual mode of travel to work.
Our qualitative research further highlighted that commuting practices were embedded in and therefore
shaped by constantly changing social lifeworlds, including through children and other family members.50
This changeability was related to minor, inevitable day-to-day changes due to social commitments or
major life events such as moving home. At the day-to-day level, participants had different arrangements
depending on work schedules, children’s school and nursery hours, and other commitments.
One participant explained that starting to care for a friend had affected her commuting choices.
I’ve had quite a complicated pattern because I was in fact driving . . . to their house first of all to give
them their medication and then driving in to work.
Woman, 63 years, who commuted by car
I have to take my son to nursery . . . so I drop him off first . . . I tend to cycle if I’m going from home
to work . . . But I do work out of the office quite often . . . so yesterday I drove . . . So it’s a bit
complicated . . .
Woman, 34 years, who commuted by bicycle or car
Another explained that her commuting decisions varied, depending on whether she worked in or away
from the office. Sometimes a decision about the mode of transport for commuting might even be made by
a family member on the participant’s behalf. For example, one participant reported that, after he had
suffered a fall, his wife was concerned about him cycling, as she worried it would be ‘too dangerous’.50
Commuting patterns could also be influenced by major changes in participants’ lives. One mother
explained that she and her partner, despite living a considerable distance from work, used to cycle
together some days of the week. The birth of their child had changed this routine.
Our son hadn’t started school, our child minder was too far away to cycle . . . So for that period of
time when my son was 6 months old till . . . school starting, it was really necessary to take the car.
Woman, 40 years, who commuted by bus
For further details, see Guell et al.50
Another life change, often regarded as a time when commuting habits are reassessed, is that of relocation.
Of the 690 participants who completed our core questionnaire in both 2009 and 2010, 126 (18%)
moved over the course of the year: 76 of them moved home, 43 moved workplace and 7 did both.
We explored the influence of moving home on commuting behaviour in a qualitative interview study.51
These interviews revealed that although the journey to work was not the main consideration, it was
nonetheless influential in deciding where to relocate. Distance to family and friends, shopping and leisure
amenities, schools and other services, as well as the relative cost of housing, were traded off against
one another.
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I think with every move there’s a sacrifice along the way and it’s the how I get to work that’s
sacrificed really.
Woman, 37 years, who commuted by bicycle before moving and by car after moving
I’ve lost the cycling . . . I think it was the right thing for me to do in terms of my career, that side of it,
and I think that’s slightly more important than the cycling, the commute.
Woman, 29 years, who commuted by bicycle before moving and by car after moving
Interviews further revealed that even those participants who had considered how they would travel to
work prior to relocation continued to revise their commute in the light of subsequent experience and
day-to-day commitments.
I still like for the first few months just got the bus. I mean I kind of knew the bus route . . . so no I
didn’t think about cycle routes or anything like that . . . but . . . then realising it’s not that far away . . .
that probably influenced me, yeah, to start thinking a bit more about getting a bike.
Woman, 30 years, who commuted by bus before and initially after moving, later changing to
commuting by bicycle
Many of the participants who were interviewed had moved further away from work and had changed
their usual mode of commuting following relocation. When asked why a particular mode of travel to work
was ultimately adopted, participants often mentioned a combination of cost (e.g. of car parking), speed,
reliability and convenience as the main factors that influenced their choice. Increases in physical activity
were reported to be incidental, although increases in physical activity and consequent increases in physical
fitness were perceived as beneficial and worth maintaining in future.
For further details, see Jones and Ogilvie.51
Linking individual sociodemographic factors and social lifeworlds
We further explored the socioeconomic patterning of active commuting through a mixed-method
investigation focused on regular car commuters.94 Initial analysis of interview data suggested that age,
health and socioeconomic factors might be associated with distance between home and work. For example,
it suggested that younger and more highly educated workers were likely to live in privately rented
accommodation in the city and close to work. In contrast, those who sought to settle in the area more
permanently tended to own their home outside Cambridge – owing to high housing costs in the city – and
therefore tended to travel longer distances to work unless they were affluent enough to continue to live
within cycling distance, in which case they might have no need of regular car commuting. In this interview
excerpt, a participant explains that, in Cambridge, not owning and using a car to commute may be a
marker of relative wealth.
To be honest, not having a car in Cambridge and being able to survive, it’s indicative of quite a
wealthy lifestyle because house prices are so expensive. It is an odd factor about Cambridge that you’ll
find, if you can afford to, you’re only cycling 3 miles . . .
Man, 44 years, who commuted by car to a park-and-ride site and continued by bicycle
We developed a series of hypotheses based on the qualitative data that could be tested using the
quantitative data.94 We hypothesised that demographic, health and socioeconomic characteristics were
associated with commute distance, and that these associations might mediate the associations of those
individual characteristics with regular car commuting. We also hypothesised that following relocation away
from Cambridge, participants might be likely to buy a car, with the consequence that the associations
between commute distance and regular car commuting would be partly mediated by car availability in
the household.
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As expected, we found that lower levels of education and home ownership increased the likelihood of regular
car commuting, while area income deprivation showed an inverted U-shaped association. In other words,
while the most affluent and the least affluent were relatively unlikely to regularly use a car for commuting,
those living in areas of income deprivation between these extremes were more likely to regularly drive to
work. As expected, these socioeconomic factors ceased to have a significant effect on regular car commuting
once distance between home and workplace was included in the model; however, car ownership, possession
of a driving licence and availability of workplace car parking did not greatly affect the association between
distance and regular car commuting. The model thus supported a general interpretation to the effect that
regular car commuting was apparently affordable for most participants in our sample and became a way of
reconciling life goals, such as home ownership and children, with their daily work commitments.
For further details, see Goodman et al.94
In summary, while some social factors were associated with commuting behaviour in our sample, indicators
of socioeconomic position were sometimes counterintuitively related to active commuting. Qualitative
research highlighted that commuting practices were complex, as a result of being shaped by a multitude of
social commitments which were liable to change, and the mode of transport or commuting pattern that
was most compatible with these commitments and least burdensome on the commuter and their families
was ultimately adopted. Nevertheless, both qualitative and quantitative analyses corroborated the
hypothesis that socioeconomic circumstances and participants’ life stage influenced how far they lived from
Cambridge, which in turn affected their commuting behaviour. Social context thus shaped commuting
practices not only through changeable social ties, but also through broader socioeconomic patterns.
Environmental factors
Distance
Previous research has shown that people who live closer to work are more likely to walk or cycle to work.79
In line with this finding, our analysis showed that each additional km between a participant’s home and
workplace reduced the likelihood of their walking or cycling by a factor of 3.9 or 1.3, respectively.55,105
Distance between home and work was especially important for time spent walking for commuting. In
households without a car, those who lived less than 3 km from work were more likely to report any time
walking for commuting, but the effect of distance on walking was weaker among those with access to a
car.62 A possible explanation is that commuters with access to a car may choose to walk part of the way to
work, and this behaviour is less sensitive to distance (see below), whereas people without access to a car
may walk all the way if the distance is short enough. Similarly, those who lived closer to work were more
likely to spend time cycling to and from work. Compared with participants who reported living more than
5 km from their workplace, those who lived closer were 10 times more likely to cycle if a car was available,
and four times more likely if no car was available in the household.62
Although distance was strongly associated with the usual mode of travel to work and with time spent
walking or cycling for commuting, we found that distance was not associated with the likelihood of
incorporating walking (of at least 5 minutes) or cycling stages into car journeys to work.93 This is important
because it suggests that even commuters with a long journey may be able to integrate incidental physical
activity into their commute. We found that those participants who reported using active modes in
combination with the car reported an average of 12 minutes of walking and 17 minutes of cycling per day
on their journey to and from work.
For further details, see Panter et al.93
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Perceptions and characteristics of the commuting environment
Perceptions of the route to work
Few previous studies have examined associations between active commuting and perceptions of the route
between home and work. We investigated the associations between time spent in active commuting
and individual route perception items, as well as an overall composite score assessing the perceived
supportiveness of the route environment for walking and cycling.62,93
Participants who agreed that it was pleasant to walk for commuting and reported convenient public
transport were more likely to report spending time walking for commuting (OR 4.18, 95% CI 3.02 to 5.78,
and OR 1.46, 95% CI 1.10 to 1.96, respectively), and those who reported convenient routes for cycling
were more likely to report spending 1–149 minutes per week cycling for commuting (OR 3.51, 95% CI
2.26 to 5.47). Somewhat surprisingly however, participants who reported ‘little traffic’ on the route to
work were less likely to report spending time walking for commuting than those who disagreed with this
statement.62 Those who reported their routes to be most supportive were also three times more likely to
incorporate active travel into their car journeys to work.93
For further details, see Panter et al.62
Routes and resilience
Some participants reported unsupportive route environments but, nonetheless, reported active commuting.
We examined interview data from a sample of 15 participants to gain a deeper understanding of these
initially counterintuitive quantitative results and identified three reasons for their behaviour and reporting.52
First, participants may have developed mechanisms for coping with unsupportive route environments.
For example, knowledge of the local route network may have provided them with options for
circumnavigating unfavourable conditions. Important in this negotiation of routes to work was the
existence of opportunity for route choices. In interviews, several participants reported using different
routes, depending on traffic conditions and time of day, and we have seen earlier that the actual routes
taken by participants often diverged from modelled routes (see Chapter 3, Comparing methods for
estimating distance to work). Experience, often gained through years of cycling, was another factor that
enabled commuters to engage in active travel despite unsupportive conditions, as illustrated by the
following interview excerpt.
I do know all the little snickets [shortcuts] and sideways and I tend to use those . . . I’ll use the funny
little footpaths, the roads that are shut off to traffic . . . because I know most of the routes I can duck
and dive a bit.
Man, 61 years, who commuted by bicycle
Second, we found that some participants found the route environment unsupportive for active travel but
decided to walk or cycle to work for other reasons. These included the lack of a car or driving licence, and
a preference for active travel, for example to gain more control over the duration of the journey. For
example, one participant reported that she cycled simply because it was quicker than the alternatives.
Because it’s quicker, I think that’s my primary reason actually. I mean if it was quicker for me to drive,
if I wasn’t sitting in traffic queues then I might be tempted to drive more often.
Woman, 52 years, who commuted by bicycle
Finally, some participants who reported unsupportive conditions may have done so to reflect public
opinion or a political statement. In interviews they talked confidently about their own active commuting,
albeit in unsupportive environments, but they also highlighted that others around them struggled with or
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were discouraged by these same environments. In other words, they were not so much reporting their
own experience but (also) trying to reflect how the routes were perceived by others, or how they
thought the supportiveness of the route should be reported in order to engender political action to
improve provision.
You see I’m, what obsesses me is all the things that motorists do to me. [Laughs] . . . I’m not alone in
that . . . everybody has experiences . . . it’s a series of frightening experiences and yes it’s certainly
put both of my daughters off.
Man, 61 years, who commuted by bicycle
For further details, see Guell et al.52
Objective attributes of the surroundings of the home and workplace and the route
to work
While route perceptions appeared to influence commuting behaviour, at least one surprising association
was found. Most studies examining associations between the physical environment and physical activity
behaviours have used perceptions which are, by definition, self-reported. However, such perceptions are a
function of the actual environmental conditions and how those are experienced, and examining the role of
the environment itself in determining behaviour is also important.106 We therefore investigated whether or
not objectively assessed characteristics of the environment were associated with the usual mode of travel
to work.55 As described earlier, we used the GIS to calculate 30 environmental variables pertaining to the
home, route and work environment that might influence active commuting (see Chapter 2, Derivation of
key variables).
We found that only some of the environmental measures were associated with the usual mode of travel to
work in multivariable analyses. Four measures of the home neighbourhood were found to be associated:
low junction density (indicating low road connectivity) and a longer distance to the nearest railway station
were associated with lower odds of walking, cycling and public transport use. As we have seen earlier,
poorly connected areas with indirect routes may prompt some commuters to use shortcuts that are
available only by walking (see Chapter 3, Comparing methods for estimating distance to work). Longer
distance to the nearest bus stop and less frequent bus service provision were associated with lower odds of
public transport use, and the odds of cycling were also reduced among those living in neighbourhoods
with fewer bus services. One explanation may be that good public transport provision reduces the reliance
on the car for transport more generally. Only two measures of the work neighbourhood were associated
with the usual mode of travel to work: those with free car parking at work or working in areas with fewer
amenities were less likely to cycle or use public transport.55
For further details, see Dalton et al.55
The cost and availability of workplace car parking was a recurring influence on commuting behaviour in
both qualitative and quantitative analyses.93,94 Car parking availability at work was a strong influence on
incorporating walking or cycling into car journeys to work; those who reported having no parking at work
were 26 times more likely to include a walking or cycling stage as part of their car journey than those with
free parking at work.93 Interviews also provided insights into how walking and cycling were combined
with car use.52,94 Some reported parking for free on streets within walking distance of their workplace,
while others used park-and-ride sites creatively. Rather than using the latter to access (and pay for)
dedicated bus services, as intended, they used them as free car parks and continued their journeys on foot
or by bicycle.
DOI: 10.3310/phr04010 PUBLIC HEALTH RESEARCH 2016 VOL. 4 NO. 1
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Ogilvie et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.
49
Environmental factors and changes in active commuting over time
In longitudinal analyses, we were also able to show that perceptions of the route to work and objectively
assessed characteristics of the environment predicted changes in active commuting between 2009 and
2010. We first examined the associations of perceptions measured in 2009, and objective features of the
environment ascertained from existing data available in 2009, with changes in commuting behaviour over
the following year.56 We then investigated whether or not changes in participants’ perceptions of the route
between 2009 and 2010 were associated with changes in active commuting over the same period.107
Although neither approach can be regarded as establishing proof of a causal relationship, in combination
they offer a significant analytical advance on the predominantly cross-sectional evidence available to date.16
The first analysis showed that perceptions of supportive routes for active travel at baseline also predicted
uptake or maintenance of active commuting 1 year later. Those who agreed that there was convenient
public transport on the route to work were twice as likely to have taken up walking for commuting as
those who did not. Similarly, those who reported convenient cycle routes were three times more likely to
take up cycling, and four times more likely to take up alternatives to the car in general, than those who
did not. Finally, those who agreed that the route was pleasant to walk were approximately twice as likely
to maintain walking to work as those who did not. In terms of objective characteristics of the environment,
we found that those who had more frequent bus services in their home neighbourhood were four times
more likely to take up alternatives to the car than those who did not. Our analysis also showed that
participants without car parking at work, or who had to pay for parking, were twice as likely to take up
walking, and alternatives to the car in general, as those with free parking at work.56
The second analysis showed that average overall changes in route perceptions between 2009 and 2010 were
generally small and not statistically significant, which is plausible in the light of the fact that the busway was
not formally opened until 2011. The only significant change in mean route perceptions over time was that
women, but not men, reported that it was less pleasant to walk in 2010 (mean score 3.47) than in 2009
(mean score 3.35; p= 0.03). We also observed that participants who perceived their route to work as less
favourable at baseline tended to report improved perceptions at follow-up, while those with initially more
positive perceptions tended to report stable or less favourable perceptions at follow-up – although adjustment
of the analysis for baseline perceptions did not materially affect the results.107
Changes in a few route perceptions predicted changes in time spent in active commuting and the
proportion of trips made entirely by car, as well as uptake of walking, cycling and alternatives to the car.
Those who reported that the route had become less pleasant to walk reported a decrease in time spent
walking of 12 minutes per week (95% CI –24 to –1) and a 6% increase (95% CI 1 to 11) in the
proportion of car trips. Those who reported that it became safer to cycle over time and who reported more
convenient public transport were more likely to take up alternatives to the car. Increases in the perceived
danger of cycling or of crossing the road were also associated with increases in the proportion of car trips.
These results were robust to adjustment for individual and household characteristics, as well changes in
family composition or home or work location, car parking or work responsibilities, all of which might have
been expected to influence changes in route perceptions or behaviour.107
Although the determinants of the different outcomes modelled – changes in time spent in active
commuting, the proportion of car trips and the uptake of active commuting – were not identical, the
results were generally consistent across the different analyses. We found some examples in which negative
changes in route perceptions were associated with a decrease in time spent walking, but significant
associations were not observed for positive changes. It may be that negative changes in attributes of the
route to work can act as a barrier to active commuting, but the converse perceived improvements were
not sufficient to encourage uptake of active commuting.
For further details, see Panter et al.56,107
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In summary, our investigation of environmental factors thus confirmed that distance between home
and work was an important influence on commuting behaviour, but need present no barrier to the
incorporation of substantial walking or cycling stages into car commutes. We further found that both
perceived and objective features of the environment were associated with active commuting in
cross-sectional analyses and with the uptake or maintenance of active commuting in complementary
longitudinal analyses. The latter provide important new empirical support for the hypothesis that
interventions aiming to provide safe, convenient routes for walking and cycling and convenient public
transport may be expected to promote active commuting and should be evaluated on this basis.
Conclusion
Although most people in our study cohort could afford a car and had access to one in their household,
active commuting was common and walking and cycling were often combined with car use on the journey
to and from work. We have demonstrated relationships between time spent in active commuting and total
physical activity and physical well-being, and estimated more precisely than before the energy expenditure
associated with different forms of active commuting. We have gone on to show how commuting
behaviour is shaped by the social and physical environment, as well as by people’s attitudes and beliefs.
Although people appreciate their commute as a time for themselves, they also tactically accommodate
their commute within a broader set of social commitments and responsibilities, both at the day-to-day level
and in order to achieve their life goals in a socioeconomic context. Our analysis confirms distance as a
strong influence on mode choice, but also shows how commuters can incorporate active travel into their
commute irrespective of the overall distance. We have also shown how changes in the perceived safety
and pleasantness of walking and cycling routes and the convenience of public transport were associated
with changes in active commuting, which suggests that improving these attributes of the environment may
be an effective strategy for promoting walking and cycling to work.
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Chapter 5 Evaluating new transport infrastructure
Introduction
In the preceding chapters, we outlined the methods we developed for studying active commuting and the
insights we gained from applying these methods to investigating the patterns and contexts of commuting
in our sample before the opening of the busway. In this chapter, we report our evaluation of the impacts
of the busway.
Our aim was not to evaluate the busway against a comprehensive set of outcomes, but rather to use the
opportunity presented by this natural experiment to investigate a more specific set of research questions
linking environmental change with physical activity behaviour change and related health outcomes. As
discussed in previous chapters, we were not able to randomise exposure to the intervention, compare its
effects in discrete ‘intervention’ and ‘control’ groups, or follow the members of our study cohort for long
enough after the completion of the intervention to be able to directly observe some of the health
outcomes of interest. We therefore sought to build an evidential case for causal inference, using multiple
sources of data and types of analysis to shed light on complementary aspects of causal estimation and
causal explanation.108
We began with an analysis of the discourse about the busway in the media before and after its
completion, and an ethnographic study of the use of busway in the first few months after its opening.
We then used the results of our intercept survey to describe the users of the busway and their subjective
evaluation of the busway and its effect on their travel behaviour. Turning to our main study cohort, we
treated exposure to the intervention as a continuous variable defined in terms of proximity to the busway
(see Chapter 2, Derivation of key variables) and confirmed its face validity by showing that it predicted use
of the busway for all three possible modes of travel in cross-sectional analysis. We then used this measure
to model the effects of the busway on changes in commuting behaviour in our cohort over time, focusing
on changes in mode share for commuting and time spent in active commuting as our primary outcomes
and changes in carbon emissions and time spent in overall physical activity as our secondary outcomes.
Because the distributions of these outcome variables rendered them unsuitable for linear modelling, it was
necessary to express the findings in terms of the likelihood of various categorical outcomes, rather than in
the neater terms of a simple ‘effect size’ such as an increase in the number of minutes spent cycling per
week. We adjusted these analyses for a suite of key covariates, including distance to work, baseline
commuting behaviour and major life changes such as moving home or workplace, which might have
confounded any observed changes in our behavioural outcomes. We then investigated selected causal
pathways by which exposure to the busway was hypothesised to affect commuting behaviour, before
returning to qualitative research methods to explore the reasons why participants may or may not have
taken up the opportunity to use the busway. Finally, we investigated the longitudinal associations between
active commuting and changes in overall physical activity and selected health outcomes.
Understanding the intervention
Our evaluation began with an analysis of the discourses about the busway in print and social media and
an ethnographic participant observation study of the use of the busway in the first few months after the
guided bus services commenced in August 2011.53,54 These complementary qualitative research methods
allowed us to better understand the nature of the intervention, the ways in which it interacted with its
context and the factors that might determine its acceptability and uptake. We postulated that when users
first experienced the busway, their responses would partly reflect the expectations generated by – and thus
be framed by – the media discourse, and would in turn give rise to further media discourse. In this way,
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such discourse might act as both a component of and a contributor to the context of the intervention.
The media analysis also provided important insights into exposure and access to the intervention. The
ethnographic study was informed by normalisation process theory. This emphasises that an important
aspect of users’ experience of an intervention may be as a continuation or disruption of what had gone
before, and, therefore, provided a useful framework for analysing how individual user experiences
collected in ethnographic field notes might represent a wider set of responses across a population.109 The
theory also draws attention to users’ reflexive monitoring of their use of a new intervention, which may
have collective dimensions.
Prior to the formal opening of the busway, media coverage (in the pre-Twitter era) revealed tensions about
the design of the busway and conflicts related to the costs and delays associated with the project. The
promotional discourse emphasised that the guided bus services would be frequent and reliable, by virtue
of running on a segregated guideway and additional measures by which the buses shared the road with
normal traffic, and would offer a high-quality, comfortable alternative to driving. Although there was also
wide consensus about the need for increased transport capacity along the A14 corridor, the media analysis
highlighted that the actual implementation of the busway might have had limited local acceptability.
Once the busway opened, initial experiences and responses to it were framed by the preceding media
messages. Initially, bus services were met with high levels of demand, which led to overcrowding and
meant that services were not as reliable as expected. Print media and Twitter users further emphasised
that, for many journeys, the guided buses would not be any faster than pre-existing bus services, in part
because the buses shared normal roads with regular traffic on parts of their route and in part owing to the
buses making additional stops. This was illustrated by an article in a local newspaper.
[This] represents the beginning of the public’s realisation that the guided busway does not improve
journey times or reliability for the vast majority of typical journeys.
Hunts Post, 5 January 2012110
The contrast between idealised and realised experiences, which was common in the media, provided scope
for negative evaluations of the busway that could discourage some potential users from trialling the
intervention, or prevent initial use of the busway from being translated into continuing use.
Nevertheless, these initial negative experiences did not lead to a major shift of passengers away from the
new service, and overcrowding was addressed through the addition of buses and stops and the
modification of routes. These measures and their discussion in the media further illustrated how exposure
and access to the busway could vary in time and space. In local news coverage, the introduction of an
additional stop was noted to have multiple effects: it would facilitate access to the service, increase the
capacity of the system and reduce some journey times. This showed how the provision of bus stops played
an important role in defining the exposure of the local population to the intervention.
Local news also illustrated that the timing of exposure to the ‘maintenance track’ (path) was difficult to
determine because walkers and cyclists reportedly began to use it before construction had finished, as
illustrated in the following quote.
Cambridgeshire’s guided bus track is proving a hit even before it is up and running with cyclists. Bike
enthusiasts have been taking to the smooth concrete roadway to explore the countryside near their
homes, and some have even been using it as a cycleway to get to and from work.
Cambridge Evening News, 30 May 2009111
The phased introduction of the busway together with subsequent modifications clarified that, in studying
its impact on travel behaviour, the implementation of the intervention could not necessarily be represented
by a singular date.
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The media analysis also showed how different stakeholders prioritised different aspects of the intervention
as critical for success. While the local authority was focusing on completion and usage of the busway,
the media amplified user criticism about attention to the path, notably about a lack of lighting, which
reportedly led to cycling accidents and safety concerns among women and elderly users. In response, the
local authority installed lighting, but initially only at junctions and bus stops in order to minimise any light
pollution. Other media users, however, continued to question the implicit prioritisation of the busway over
the path, as illustrated in the first tweet below. Others perceived the path as a positive alternative to the
busway itself, particularly after the rural section received a smooth tarmac surface thanks to additional
funding from the transport charity Sustrans.
Almost 56,000 trips made on the Cambridge #busway in the first 7 days. I wonder how many cyclists
use the path?
@OutspokenDeliv, 16 August 2011112
I could almost be in the Netherlands . . . lovely wide cycle path alongside the Cambridgeshire guided
busway . . .
@harryrutter, 11 December 2012113
Our ethnographic research further illustrated how ‘uptake’ of the intervention was a haphazard process.
For some individuals, the initial experience of the busway could be decisive. We encountered some
users who had used the busway for an exceptional, one-off trip but found it so convenient that they
began to use it for their regular commuting, for example instead of driving. For other users, their initial
experience was important because it fell short of the promotional discourse or idealised media
representations, thus jeopardising the prospect of their using the service in future.
The majority of users we observed and interacted with were still getting used to the busway during the
ethnographic observation period, for example in relation to the different routes and ticketing requirements
and procedures. In this respect, the adoption of the busway had a collective dimension. Groups travelling
together, as well as passengers and drivers, shared information and collectively ‘evaluated’ the busway.
These collective experiences of the busway were sometimes also shared more broadly via the media,
for example in a local magazine which reported: ‘On the first day everyone was beaming which was nice
to see’.114 In the interviews we subsequently conducted, participants also sometimes spontaneously raised
themes from the media, which confirmed that the media contributed to the framing of expectations of
the busway.
Our ethnographic fieldwork also showed that previous experience was crucial in framing user evaluations
of the busway. Conversations with passengers highlighted that bus users could be divided into two distinct
groups: those who prior to the opening of the busway had regularly travelled by bus, and those who had
mainly travelled by car. The former group tended to compare the guided bus services with the bus services
they had used previously, some of which had been discontinued after the opening of the busway. They
generally noted that journey times had not necessarily decreased and passenger numbers had increased,
which meant that the ability to obtain a seat was no longer guaranteed. The latter group tended to
compare the guided bus services with the car journey they used to make. Car journeys sometimes took
even longer than the bus, driving was less relaxing and more expensive, and the busway was less
burdensome for them overall. This highlighted that the busway could have a differential impact on
different groups of commuters, depending on their previous travel patterns.
In summary, the media analysis clarified the potential for exposure and access to the busway and the
fidelity of its implementation to vary in time and space. In particular, it confirmed that the path began to
be used long before the commencement of guided bus services and that the location of bus stops was
important in determining exposure. These insights contributed to our quantitative analytical strategy,
notably the selection of our primary measure of intervention exposure and the decision to focus on
changes between the first (2009) and final (2012) phases of cohort questionnaire data in defining the
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main outcomes of the study. Participant observation further showed the importance of previous experience
in determining people’s perceptions and use of the busway, identifying an important contrast between
the more positive appraisals of former car users and the more dissatisfied appraisals of former bus users.
This suggested the possibility of differential effects on behavioural outcomes depending on baseline
travel behaviour.
For further details, see Kesten et al.53 and Jones et al.54
Patterns and predictors of busway use
We then carried out an intercept survey on the busway in 2012, about 1 year after its official opening, to
describe its users and study their perceptions of the busway and its effect on their travel behaviour. We
also used our 2012 cohort data to study the predictors of use of the busway, with a view to testing the
face validity of our graded, participant-level measures of intervention exposure.
Patterns of busway use
We were able to recruit 1710 eligible busway users for the intercept survey, of whom 178 were unable to
stop when approached but later completed the survey via the internet. In total, 57% of participants were
intercepted while using the guided bus, 31% were intercepted while cycling on the path and 12%
were intercepted while walking on the path.
The characteristics of users intercepted on the busway are summarised in Table 8. In comparison with the
main study cohort (see Table 1), the gender composition of the sample of busway users was more
balanced (51% male). Fifty-seven per cent of participants described themselves as in full-time employment,
and 54% had a university degree or higher educational qualification; although this was higher than the
average for Cambridgeshire (36%), it was considerably lower than in the cohort sample. Although the
home addresses of the participants were concentrated along and near the ends of the busway, as
expected, we intercepted considerable numbers of users who lived in locations more widely scattered over
the study area, and 12% lived outside the study area altogether (Figure 6). In other respects, the intercept
survey and cohort samples were similar.
The sample of busway users revealed statistically significant gender differences in use of the busway, in
terms of both mode of transport and trip purpose (Table 9). Men were more likely than women to have
been using the path for cycling when intercepted, consistent with our general observation that cycling as a
mode of transport was more common for men than for women in and around Cambridge (see Chapter 4,
Active commuting in context). Correspondingly, more women than men were intercepted while using the
guided bus service. Nearly the same number of men and women were intercepted while walking along the
path. Just over half of the users surveyed were travelling to or from work, on business or for study, and
men and women were approximately equally likely to use the busway for these purposes. Men were more
likely to use the busway for leisure trips, while women were more likely to use it for shopping trips.
Fifty-one per cent of path users reported that they had undertaken moderate physical activity on ≥ 4 of
the past 7 days, while 16% reported that they had not engaged in moderate physical activity on any of the
past 7 days. In contrast, 29% of guided bus users reported that they had undertaken moderate physical
activity on ≥ 4 of the past 7 days, while 31% reported that they had not engaged in physical activity
on any of the past 7 days.
The median trip distance reported by busway users was 19.3 km (IQR 9.7–32.2 km), which is more than
the average distance from home to work for the participants in our main study cohort (see Chapter 2,
Samples). Trip distance varied according to the mode of use of the busway, with median (IQR) trip
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TABLE 8 Characteristics of users intercepted on the busway
Characteristics Overall (%) Male (%) Female (%)
Individual characteristics
Gender (n= 1693) 50.5 49.5
Age (years) (n= 1684)
16–19 6.5 6.5 6.6
20–29 14.9 14.4 15.4
30–39 17.5 17.5 17.6
40–49 17.9 19.8 16.2
50–59 18.1 17.7 18.5
60–69 15.4 13.9 16.8
70+ 9.8 10.4 9.0
Household characteristics
Bicycle access (n= 1671)
Yes 77.6 82.7 72.4
Socioeconomic characteristics
Car access (n= 1663)
None 12.1 13.3 10.9
One 43.3 42.6 44.5
Two 33.3 33.9 32.1
More than two 11.3 10.2 12.6
Education (n= 1674)
Degree or higher 53.9 57.6 50.9
Housing tenure (n= 1667)
Rented 23.5 24.7 22.6
Owned outright or in part 76.5 75.3 77.5
Employment status (n= 1680)
Full-time 57.3 65.1 46.8
Part-time 11.2 7.1 15.4
Retired 20.6 18.9 22.1
Not employed, studying or other 10.9 9.0 12.7
Health characteristics
Self-reported health (n= 1684)
Excellent 27.1 28.0 26.2
Very good 36.6 35.1 38.8
Good 26.9 27.9 25.1
Fair, poor or very poor 9.4 9.1 9.9
Limited mobility (n= 1666)
Yes 13.1 13.7 12.7
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FIGURE 6 Places of residence of users intercepted on the busway. Twelve per cent of users intercepted on the
busway lived outside the study area denoted by the circle, some of them outside the border of the map. Contains
Ordanance Survey MasterMap® Integrated Transport Network Layer™ and Address Layer 2 data © Crown
Copyright and Database Right 2015.
TABLE 9 Mode of transport and trip purpose of busway users
How the busway was used Men (%) Women (%)
Mode of transport when approached (n= 1664)
Bus 49.7 63.9
Walking 12.1 11.9
Cycling 37.5 23.0
Other 1.0 1.0
Trip purpose (n= 1683)
To or from work or study or on business 49.5 52.0
On holiday or day out or for leisure 21.9 11.5
Shopping 7.9 16.2
Visiting friends or relatives, personal business or other 20.7 20.3
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distances of 24.1 km (16.1–33.8 km), 14.5 km (6.4–27.4 km) and 6.4 km (3.2–17.7 km) for guided bus
users, cyclists and walkers, respectively. The median reported trip frequency on the busway in the previous
month was 6 (IQR 2–20), which suggested that many participants were using the busway regularly,
including for daily commuting.
Perceptions of busway users
Overall, the busway was experienced as having improved transport options and the quality of foot and
cycle paths, with weaker overall agreement with statements that it had improved the regularity or
reliability of transport services, access to local services or personal safety. Among guided bus users,
the most frequently reported benefits were in the range of transport options (83% of participants), the
regularity of transport (77%) and the quality of foot and cycle paths (76%). Among path users, the most
frequently reported benefits were in the quality of foot and cycle paths (93% of participants), the range of
transport options (87%) and personal safety (69%).
A key element of the intercept survey was to capture users’ perceptions of the impact of the busway on
their travel behaviour. We asked them what mode of transport they would have used in the absence
of the busway for the trip they were currently making, and how the availability of the busway had affected
the extent to which they used each of the four main modes of travel.
According to user perceptions, trips on the busway had replaced many car trips, but also some trips that
would previously have been walked or cycled, as well as generating some new trips. This pattern of modal
substitution differed depending on the mode of transport being used by participants when they were
approached for the survey (Table 10). More than 50% of guided bus users indicated that their current trip
had replaced a car trip, with much lower proportions reporting that it had replaced a walking (4%) or
cycling (3%) trip or that it represented a new trip (8%). Cycle trips were more likely to be described as
new trips (15%), and a substantial minority of cycle trips were also said to have replaced car trips (24%).
According to user perceptions, the availability of the guided bus and the path had also affected the overall
travel behaviour of the sample. For example, 48% of path users reported that the availability of the path
meant that they now cycled more. Substantial minorities of path users also reported that the availability of
the bus service meant that they now used the bus more often (43%), cycled more (30%) and used the car
less (29%). Similarly, many bus users reported that the availability of guided bus services now meant they
used the bus more (58%) and the car less (44%), but bus users also reported that the availability of the
path meant that they now walked more (41%), cycled more (41%) and drove less (25%).
The findings of the intercept survey, therefore, indicated a favourable assessment of the busway among
many of its users, and provided preliminary quantitative support for the hypothesis that the busway may
have influenced travel behaviour in the local population and contributed to increased active commuting or
physical activity among some users.
TABLE 10 How users would have made their journey in the absence of the busway
Mode of transport
when intercepted Number
How users would have made their journey in the absence of the busway (%)
Bus Car Walking Cycling No trip
Bus 960 46.0 50.2 4.0 3.4 7.7
Walking 200 8.0 14.0 73.5 10.0 9.0
Cycling 506 4.5 23.5 2.6 62.3 15.2
Values sum to more than 100% as more than one response was possible (n= 1666).
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Predictors of busway use
The busway was widely discussed in local media, and walking and cycling on the path began long before
the formal opening of the busway and was an important part of the uptake of the intervention. Our core
questionnaire data likewise showed that almost all members of our study cohort (more than 99%) were
aware of the busway. We went on to study the predictors of the three different modes of use of the
busway in the final (2012) phase of our cohort study, with a view to testing the face validity of our
measures of intervention exposure (see Chapter 2, Derivation of key variables).115
People who have recently moved may be more likely to reconsider their commuting behaviour,
notwithstanding the results reported earlier (see Chapter 4, Active commuting in context). For this analysis
we therefore excluded the 212 members of our cohort who had moved home or workplace at any time
between 2009 and 2012. The remaining 453 participants included in this analysis lived on average 6.9 km
(SD 8.1 km) from the busway, and their average distance from home to work was 11.4 km (SD 9.5 km).
Of these participants, 31% reported having used a guided bus, 40% having cycled on the path and 32%
having walked on the path by 2012, albeit not necessarily for commuting.
To account for alternative explanations of busway use in this analysis, we included as covariates the
availability of car parking at each participant’s workplace and the shortest distance between each
participant’s home and workplace using the pedestrian and cyclist route network, as both of these
variables have been shown to influence commuting behaviour (see Chapter 4, Active commuting in
context). We found that the availability of the busway made only a small difference to the route lengths
and estimated travel times to work for participants. On average, the path shortened the travel distance for
participants who had used the path for walking or cycling by approximately 50m (SD 190m), and on
average the guided bus service reduced the estimated travel time to work for those who had used the
guided bus service by just under 1 minute (SD 4 minutes). We found no evidence that these reductions in
distance or estimated travel time to work were associated with use of the busway for walking or cycling or
for guided bus travel, respectively. Testing the predictive validity of these additional putative exposure
measures, while blinded to their relationship with the main travel behaviour-change outcome measures,
enabled us to select the most appropriate exposure measure for the subsequent main outcome analyses.
In multivariable logistic regression, we found that residential proximity to the busway was associated with
use of the busway for each of the three outcomes studied (Table 11). The strength of the relationship
meant that, compared with those living 9 km away, participants living 4 km along the pedestrian and
cyclist route network from the nearest guided bus stop were 53% more likely to have used the guided bus
service, and those living 4 km from the nearest access point to the path were 34% more likely to have
walked along the path and over twice as likely to have cycled on the path.
TABLE 11 Associations between proximity to the busway and likelihood of reporting guided bus use, or walking or
cycling on the busway
Outcome
Adjusted OR (95% CI)
Bus usea Walkingb Cyclingc
Predictor
Proximity to bus stop 1.53 (1.15 to 2.02) N/A N/A
Proximity to path N/A 1.34 (1.05 to 1.70) 2.18 (1.58 to 3.00)
N/A, not applicable.
a Model adjusted for change in estimated travel time to work, gender, age, car access, MCS-8 score, presence of health
condition, type of settlement and car parking at work.
b Model adjusted for gender, age, car access, type of settlement and car parking at work.
c Model adjusted for gender, age, level of education, car access, presence of children in household and type
of settlement.
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Few of the other covariates were associated with any of the three outcomes. Women were less likely than
men to report having cycled on the path (OR 0.41, 95% CI 0.24 to 0.69). Living in a rural area increased
the odds of having used a guided bus service or having cycled on the path by between two and three
times compared with living in an urban area. The association between proximity and use of the guided bus
service was also strengthened among those who lived in towns, and that for walking on the path was
strengthened among those who lived in towns and villages, compared with those who lived in an urban
area. This may partly reflect the fact that in rural areas both the population and the transport infrastructure
tend to be more clustered (in and around villages).
The association of use with proximity was stronger for cycling than for walking or bus use. One possible
explanation is that the strength of the associations reflected the different ways in which the busway
and path were used. It has been proposed that the time for which people are willing to travel to access
public transport infrastructure increases with the total trip duration. The data from our intercept survey
suggest that, on average, guided bus users may have travelled further than cyclists on each trip. Bus users
would, therefore, be expected to be less sensitive than cycle users to a given increment in access distance.
Walking on the path as captured by our core questionnaire could reflect a mixture of walking to access the
bus service and walking in its own right, which may explain why the association of walking with proximity
was intermediate between those for cycling and bus use.
These results, therefore, confirmed the face validity of our graded measure of intervention exposure based
on the shortest network distance between each participant’s home and the nearest access point to the
busway, and that we should use this – rather than the alternative measures of change in distance or travel
time to work induced by the busway – as our exposure measure in the subsequent main outcome
analyses. The results further show little association between the sociodemographic factors included in our
study and use of the busway, apart from whether participants lived in urban or rural contexts and a further
confirmation that women were less likely to cycle than men (see Chapter 4, Active commuting in context).
For further details, see Heinen et al.115
Linking environmental change with travel behaviour change
in commuters
The intercept survey suggested that a substantial minority of busway users had changed their travel
patterns in response to the busway. Having shown that residential proximity to the busway was a good
measure of exposure to the intervention, we went on to assess the impact of the busway on travel
patterns more formally, using information on changes in commuter travel behaviour over time in our study
cohort. We examined effects on the proportion of commuting trips undertaken by different modes of
transport and time spent in active commuting, and then went on to examine effects on overall physical
activity, controlling our analyses for a number of alternative potential explanations of behaviour change.
The participants included in these analyses were those who had provided valid data on active commuting
in both 2009 and 2012 (see Chapter 2, Samples). In a dropout analysis comparing the 470 members of
this longitudinal sample with the 673 participants who had provided valid data only at baseline, those with
valid data at follow-up tended to be older (mean age 44.3 vs. 40.9 years; p= 0.001) and more likely to
own their home (78.2% vs. 69.2%; p= 0.001) than those without, but there were no significant
differences in other sociodemographic characteristics or in time spent in active commuting or physical
activity at baseline.
Changes in mode of travel to work
Initially, we used information from the 7-day travel record – in which we ascertained the modes of travel
used on each trip to and from work during the past week at baseline in 2009 and at follow-up in
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2012 – to study the impact of exposure to the intervention on three outcomes: the proportion of trips that
involved any active travel, the proportion of trips that were made entirely by car and the proportion of trips
that involved any public transport.
We categorised changes in the first two outcomes in five groups representing a large increase (between
30% and 100%), a small increase (between 0% and 30%), no change, a small decrease (between 0%
and 30%) and a large decrease (between 30% and 100%). For example, a participant who previously
drove all the way to and from work every day of the week, and now walked to the busway and took a
guided bus (and the reverse on the way home) on 1 day each week, would be categorised as having
experienced a small (20%) increase in the proportion of trips involving active travel and a small (20%)
decrease in the proportion made entirely by car. Another participant who made a similar change on 2 days
each week would be categorised as having experienced a large (40%) increase and a large (40%)
decrease, respectively. The change in the proportion of trips that involved any public transport was
categorised in only three groups representing increase, no change and decrease, to reflect the distribution
of this variable, particularly the smaller number of cases in which the proportion had changed.
We took steps to account for a range of alternative explanations of changes in commuting patterns in our
analyses. Moving home or workplace may lead not only to a reassessment of commuting options, but also
to changes in commute distance, public transport commute travel time or distance from home to the
busway, any of which could have prompted changes in commuting patterns. We therefore included
continuous variables representing these covariates in our models (see Chapter 2, Derivation of key
variables), along with binary variables to account for changes in parking provision at work and the number
of children in the household.
The analysis was adjusted sequentially. Initially, we adjusted for distance between home and workplace
and for the characteristics of the commute that may change with relocation. Subsequent adjustments
included sociodemographic characteristics and the urban–rural context in which participants lived.
We found that a substantial minority of participants had experienced a change in mode share at follow-up
(cf. Chapter 4, Patterns of active commuting), with 39% reporting a change in active mode share (with an
average change of –1.3%), 37% a change in car mode share (average change +3.4%) and 24% a change
in public transport mode share (average change –1.0%). As noted earlier, it is possible that these overall
trends, away from active travel and towards the use of the car, reflect the effects of an ageing cohort who
tend to move further from work over time (see Chapter 4, Active commuting in context). They contrast
with the changes reported in the intercept survey of busway users, who tended to report a shift away from
the car and towards more active travel and public transport.
Against this background, we found that living closer to the busway was consistently associated with
changes in the commuting outcomes we examined (Table 12). Proximity to the busway was associated
with a large increase in active mode share and a large decrease in car mode share. Taking the square root
transformation of the exposure variable into account, the results correspond – for example – to
participants living 4 km from the nearest access point to the busway being nearly twice as likely to
experience a large increase in the proportion of commuting trips that involved any walking or cycling
[relative risk ratio (RRR) 1.80, 95% CI 1.27 to 2.55] as those living 9 km away, and approximately twice as
likely to experience a large decrease in the proportion of commuting trips made entirely by car (RRR 2.09,
95% CI 1.35 to 3.21). These effect sizes could equally be expressed in terms of any pair of distances
representing a one-unit increase in the square root of the distance in km, such as the difference between
1 km and 4 km. Proximity to the busway also protected against a small decrease in active mode share, but
it was not associated with changes in public transport mode share (data not shown).
Table 12 shows that most effects of proximity to the busway on mode of travel to work became
statistically significant only after adjustment for commute distance and were further strengthened by
adjustment for sociodemographic characteristics. The statistical relationship between exposure and
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behaviour change was, therefore, masked by associations between exposure and some of these covariates,
as illustrated for example by the observation that younger and more mobile participants tended to live
closer to where the busway was built, as discussed earlier (see Chapter 2, Derivation of key variables).
Further adjustment for the relevant baseline commuting pattern of each participant or their car ownership
or workplace parking provision did not materially change the results, nor did restricting the analysis to
individuals who did not move home or workplace.
We also investigated whether or not the intervention had an effect on the weekly number of commuting
trips. This may be important because changes in physical activity and carbon emissions due to the busway
would depend not only on changes in the proportion of trips made by different modes of transport, but
also on changes in the absolute quantity of travel. However, we found that proximity to the intervention
was not associated with a change in the weekly number of commuting trips in our sample.
In summary, against a background of increasing car use and shift away from active travel in our cohort, we
found that exposure to the intervention was significantly associated with changes in mode of travel to
work after adjustment for multiple potential confounders. Proximity to the busway was associated with a
large increase in active travel commute share and a large decrease in car mode share, a pattern consistent
in part with the perceptions of busway users found in the intercept survey. The lack of an effect on public
transport mode share in the cohort analysis may reflect two factors that reduced statistical power to detect
such an effect. The first is that the average change in public transport mode share was much smaller than
the average changes in the other mode shares, and the second is the comparatively small proportion of
trips (15%) that involved any public transport at baseline.
For further details, see Heinen et al.116
TABLE 12 Associations between proximity to the busway and changes in mode of travel to work
Outcome Unadjusted model
Adjusted for
commute
characteristics
Adjusted for commute
and sociodemographic
characteristics
Maximally adjusted
modela
Change in active mode share (RRR and 95% CI)
Large decrease 0.94 (0.77 to 1.14) 1.09 (0.80 to 1.47) 1.04 (0.75 to 1.44) 1.08 (0.77 to 1.50)
Small decrease 0.77 (0.62 to 0.97)* 0.57 (0.35 to 0.92)* 0.47 (0.28 to 0.81)** 0.47 (0.28 to 0.81)**
Small increase 0.99 (0.77 to 1.27) 0.63 (0.37 to 1.06) 0.64 (0.35 to 1.15) 0.69 (0.38 to 1.26)
Large increase 1.15 (0.90 to 1.46) 1.53 (1.14 to 2.06)** 1.57 (1.14 to 2.15)** 1.80 (1.27 to 2.55)**
Change in car mode share (RRR and 95% CI)
Large decrease 1.16 (0.86 to 1.57) 1.71 (1.20 to 2.44)** 1.71 (1.17 to 2.49)** 2.09 (1.35 to 3.21)**
Small decrease 0.85 (0.68 to 1.07) 0.60 (0.37 to 0.97)* 0.59 (0.36 to 0.99)* 0.64 (0.38 to 1.08)
Small increase 0.82 (0.66 to 1.01) 0.70 (0.45 to 1.07) 0.65 (0.41 to 1.03) 0.71 (0.44 to 1.14)
Large increase 0.86 (0.70 to 1.05) 1.13 (0.85 to 1.51) 1.08 (0.79 to 1.48) 1.10 (0.80 to 1.52)
*, p< 0.05; **, p< 0.01.
a Multivariable logistic regression models adjusted for commute distance, change in public transport travel time to work,
gender, age, level of education, home ownership, bicycle access, presence of children in household, presence of health
condition, PCS-8 score, MCS-8 score and type of settlement.
Relative risk ratios and 95% CIs per unit change in proximity (square root of distance in km) to busway. The reference
category for both outcomes was ‘no change’. Statistically significant results are in bold.
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Changes in time spent in active commuting
We used the same measure of intervention exposure to estimate the effect of the intervention on time
spent in active commuting. As noted earlier, this was in the context of a significant decrease in time spent
in active commuting in our cohort between 2009 and 2012 (see Chapter 4, Patterns of active commuting).
For this analysis changes in time spent in active commuting were categorised in three groups representing
increase, no change and decrease, given that a substantial number of participants reported no active
commuting at baseline or follow-up. We also conducted a sensitivity analysis using a more stringent
definition of change, comparing participants whose active commuting increased or decreased by
50 minutes per week or more with those reporting changes of less than 50 minutes per week (including
no change). We also stratified our analysis to compare the effects of the intervention among participants
who had reported any active commuting at baseline and those who had not.
As with the previous analyses, we made progressive adjustments to our models to account for potential
alternative explanations of changes in active commuting. We adjusted first for age and gender, and then for
further sociodemographic characteristics that we had previously found to be associated with active
commuting and changes in active commuting (see Chapter 4, Active commuting in context). At this stage we
also adjusted for participants’ active commuting at baseline, to account for the possibility that high (or low)
levels at the outset might have been associated with particular changes in active commuting at follow-up.
We included further adjustments for major changes in life circumstances ascertained at follow-up, in
particular whether a participant had moved home or work during the study (see Chapter 2, Samples).
In initial multivariable multinomial regression models adjusted only for age and gender, exposure to the
busway was associated with change (both increase and decrease) in total weekly time spent in active
commuting and change (both increase and decrease) in time spent cycling for commuting (Table 13).
TABLE 13 Associations between proximity to the busway and changes in time spent in active commuting
Outcome: change in
activity (minutes per
week) N Mean (SD)
RRR (95% CI)
Model 1a Model 2b Model 3c
Active commuting 454
No change 122 0 (0) (Reference)
Increase 136 80.7 (70.9) 1.31 (1.11 to 1.56)*** 1.14 (0.90 to 1.45) 1.14 (0.90 to 1.46)
Decrease 196 –81.8 (69.0) 1.34 (1.14 to 1.57)*** 1.06 (0.83 to 1.37) 1.07 (0.83 to 1.37)
Walking for commuting 456
No change 297 0 (0) (Reference)
Increase 76 73.4 (66.6) 0.84 (0.71 to 1.00) 0.90 (0.69 to 1.19) 0.90 (0.69 to 1.18)
Decrease 83 –84.7 (70.8) 0.90 (0.76 to 1.07) 1.13 (0.83 to 1.55) 1.13 (0.83 to 1.55)
Cycling for commuting 468
No change 214 0 (0) (Reference)
Increase 108 86.6 (74.0) 1.66 (1.37 to 2.03)*** 1.34 (1.03 to 1.76)* 1.34 (1.03 to 1.76)*
Decrease 146 –85.9 (67.6) 1.53 (1.30 to 1.81)*** 1.00 (0.73 to 1.36) 1.00 (0.73 to 1.37)
*, p< 0.05; **, p< 0.01; ***, p< 0.001.
a Model 1 was adjusted for age and gender.
b Model 2 was adjusted for variables in model 1 plus baseline level of education, car ownership, home ownership,
presence of children in the household, presence of health condition, BMI, type of settlement, distance to work,
workplace car parking provision and baseline value of the outcome for the model in question.
c Model 3 was adjusted for variables in model 2 plus any change in home or work location.
Mean and (SD) for change in the relevant outcome variable in each outcome category. RRRs and 95% CIs per unit change
in proximity (square root of distance in km) to busway. Statistically significant results are in bold.
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After further adjustment, the effects of exposure to the busway on overall time spent in active commuting
ceased to be statistically significant, but the association with an increase in weekly cycle commuting time
persisted, and participants living 4 km from the busway were one-third more likely to have increased their
cycle commuting time than those living 9 km away (RRR 1.34, 95% CI 1.03 to 1.76). Among those who
had increased their cycle commuting time, the increase was often substantial, with a mean increase in this
group of 87 minutes per week. The effect of exposure to the busway was somewhat strengthened in the
sensitivity analysis restricted to larger changes, in which participants living 4 km from the busway were
44% more likely to have increased their cycle commuting by 50 minutes per week or more than those
living 9 km away (RRR 1.44, 95% CI 1.03 to 2.03).
Although there was no evidence of a statistically significant effect of exposure to the intervention on active
commuting in the sample as a whole, there was a significant effect among those who did not report any
active commuting at baseline. Among this subgroup of participants, those living 4 km from the busway
were 76% more likely to have increased their active commuting time than those living 9 km away
(RRR 1.76, 95% CI 1.16 to 2.67), whereas there was no effect on overall time spent in active commuting
among the subgroups of participants who reported either 1–149 minutes per week or 150 minutes per
week or more of active commuting at baseline.
In summary, exposure to the intervention was associated with an increase in time spent cycling to and
from work, and with an increase in overall time spent in active commuting among those who reported no
active commuting at baseline. We found no evidence of an effect of proximity to the busway on changes
in time spent walking on the way to and from work. This may reflect the lower level of walking, relative to
cycling, for commuting in our sample, and that changes in walking were reported by fewer participants
than changes in cycling (see Chapter 4, Patterns of active commuting).
For further details, see Panter et al.117
Changes in time spent in physical activity
We went on to investigate whether or not proximity to the busway was associated with changes in three
outcomes reflecting broader impacts on physical activity (see Chapter 2, Derivation of key variables).
Our analysis followed the same approach, except that the outcomes were categorised into tertiles
(corresponding approximately to an increase, no change and a decrease) because no participants reported
exactly the same quantity of physical activity at both time points.
In contrast to the background changes in time spent in active commuting, we found that time spent in
recreational and total physical activity changed little in our cohort between 2009 and 2012. The median
total time spent in physical activity was 423 minutes per week (IQR 232–675 minutes per week) at baseline
and 407 minutes per week (IQR 240–631 minutes per week) at follow-up, and the difference was not
statistically significant (p= 0.12). A similar pattern was observed for time spent in recreational physical
activity (baseline: median 282 minutes per week, IQR 150–523 minutes per week; follow-up: median
279 minutes per week, IQR 146–480 minutes per week; p= 0.28).
In multivariable multinomial regression models, we found no evidence of a significant effect of proximity to
the busway on the time spent in recreational or total physical activity. In the minimally adjusted model,
proximity to the busway was associated with both an increase and a decrease in time spent cycling for
commuting and recreation combined (shown in the table as ‘total cycling’). The association with a
decrease in cycling ceased to be statistically significant after further adjustment, but the association with
an increase persisted. In the maximally adjusted model, those living 4 km from the busway were 32%
more likely to report an increase in time spent cycling for commuting and recreation combined than those
living 9 km from the busway (RRR 1.32, 95% CI 1.04 to 1.68). No such association was observed for ‘total
walking’ or ‘total walking and cycling’ (Table 14).
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TABLE 14 Associations between proximity to the busway and changes in total time spent walking and cycling and
in recreational and overall physical activity
Outcome: change in
activity (minutes
per week, tertiles) N Mean (SD)
RRR (95% CI)
Model 1a Model 2b Model 3c
Total walking and
cycling
469
Middle tertile
(≈no change)
156 –7.7 (28.7) (Reference)
Highest tertile
(≈increase)
156 223.9 (264.2) 1.11 (0.95 to 1.30) 1.21 (0.96 to 1.52) 1.21 (0.96 to 1.52)
Lowest tertile
(≈decrease)
157 –246.1 (297) 1.02 (0.88 to 1.19) 1.17 (0.92 to 1.47) 1.17 (0.92 to 1.47)
Total walking
Middle tertile
(≈no change)
158 2.4 (20.6) (Reference)
Highest tertile
(≈increase)
157 179.9 (213.6) 1.01 (0.86 to 1.18) 1.00 (0.80 to 1.25) 1.00 (0.80 to 1.25)
Lowest tertile
(≈decrease)
154 –188.3 (256.8) 0.99 (0.85 to 1.16) 0.93 (0.74 to 1.18) 0.94 (0.74 to 1.18)
Total cycling
Middle tertile
(≈no change)
168 –1.5 (4.5) (Reference)
Highest tertile
(≈increase)
158 113.5 (151) 1.65 (1.38 to 1.96)*** 1.32 (1.04 to 1.68)* 1.32 (1.04 to 1.68)*
Lowest tertile
(≈decrease)
143 –123.3 (184) 1.56 (1.33 to 1.84)*** 1.20 (0.94 to 1.53) 1.20 (0.94 to 1.54)
Total recreational physical activity
Middle tertile
(≈no change)
157 –5.5 (41.2) (Reference)
Highest tertile
(≈increase)
156 323.4 (455.0) 0.95 (0.81 to 1.12) 0.98 (0.78 to 1.22) 0.98 (0.78 to 1.22)
Lowest tertile
(≈decrease)
156 –370.16 (439.0) 0.95 (0.81 to 1.12) 0.88 (0.69 to 1.13) 0.88 (0.69 to 1.13)
Total physical activity
Middle tertile
(≈no change)
156 –14.5 (51.4) (Reference)
Highest tertile
(≈increase)
157 390.4 (475.7) 1.02 (0.88 to 1.20) 1.06 (0.85 to 1.32) 1.06 (0.84 to 1.32)
Lowest tertile
(≈decrease)
156 –494.6 (596.4) 1.09 (0.93 to 1.28) 1.00 (0.77 to 1.29) 1.00 (0.77 to 1.29)
*, p< 0.05; **, p< 0.01; ***, p< 0.001.
a Model 1 was adjusted for age and gender.
b Model 2 was adjusted for variables in model 1 plus baseline level of education, car access, home ownership, presence of
children in the household, presence of health condition, BMI, settlement type, distance to work, workplace car parking
provision and baseline value of the outcome for the model in question.
c Model 3 was adjusted for variables in model 2 plus any change in home or work location.
Mean and SD for change in the relevant outcome variable in each outcome category. RRRs and 95% CIs per unit change in
proximity (square root of distance in km) to busway. Statistically significant results are in bold.
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In summary, we found that exposure to the intervention was associated with an increase in time spent cycling
for commuting and recreation combined, with an effect size very similar to that for time spent in cycling for
commuting alone. We found no evidence of an association with an increase in recreational or total
physical activity.
For further details, see Panter et al.117
Changes in carbon emissions attributable to commuting
While the busway had complex effects on commuting patterns, exposure to the intervention was
associated with a shift away from the car and towards active modes of travel for the journey to and from
work and a significantly greater likelihood of an increase in weekly time spent cycling. We went on to
assess the impact of the busway on carbon emissions, using the same general approach as in the
preceding outcome analyses. Specifically, we investigated whether proximity to the busway was associated
with an increase or a decrease in carbon emissions attributable to commuting trips in our cohort.
We found that, for commuting trips made by public transport and not involving use of a car, the mean
estimated carbon emissions were 1.38 kg per trip in 2009 and 1.78 kg per trip in 2012. For commuting
trips involving any use of a car (with or without public transport), the mean of the estimated carbon
emissions ranged from 2.70 kg per trip for car-only trips in 2009 to 3.32 kg per trip for trips made by car
plus public transport in 2012. We therefore defined participants with a change in their estimated carbon
emissions of < 3 kg per week – approximating to the emissions attributable to one ‘average’ one-way
car-based commuting trip in our sample – as having made only a small change, and included them with
participants who reported no use of motor vehicles and thus no carbon emissions at either time point in
our reference outcome category of ‘no change’.
In unadjusted multinomial models, we found that proximity to the busway was associated with a reduced
likelihood of both a decrease and an increase in carbon emissions over time. This pattern remained
when the models were adjusted for age and gender. After further adjustment for all other covariates,
however, the counterintuitive association between proximity and a reduced likelihood of a decrease in
carbon emissions ceased to be statistically significant, and proximity to the busway remained associated only
with a reduced likelihood of an increase in carbon emissions (RRR 0.57, 95% CI 0.43 to 0.75). In other
words, for those living 4 km from the busway, the likelihood of an increase in commuting carbon emissions
was approximately half that for those living 9 km from the busway. The other covariates associated with
either a decrease or an increase in carbon emissions in maximally adjusted models were education, car
ownership, baseline carbon emissions, urban–rural status and moving, all with effects in the expected
direction. We further found that the effect estimate for the intervention was only minimally affected by
removing workplace car parking, urban–rural status or baseline carbon emissions from the models.
Excluding those who had moved home from the analysis led to a strengthening of the effect (albeit with a
wider CI owing to the smaller sample size: RRR 0.44, 95% CI 0.26 to 0.73), which may reflect the fact that
moving home tended to be associated with a lengthening of the commuting journey in our cohort.
Investigating causal mechanisms
Having estimated the size of the effect of the busway on commuter travel behaviour, we went on to
investigate the mechanisms by which the intervention may have led to behaviour change. Identifying
plausible mechanisms in this way can increase understanding of an intervention and provide further support
for causal inference.118 As we found no evidence of a significant effect on walking, this analysis was focused
on elucidating mechanisms leading to an increase or decrease in time spent cycling for commuting.
We identified three groups of mediating factors that could be involved in this causal pathway: self-reported
use of the path along the busway, changes in perceptions of the route environment between home and
work and changes in attitudes and beliefs relating to car use (see Chapter 2, Derivation of key variables).
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We further hypothesised that the most likely mechanisms would be those that included only significant
associations between variables (p< 0.05 when adjusted for covariates but not the other mediators). On this
basis, we first calculated all statistically significant associations between the various exposure, mediator and
outcome variables. We then reduced the complexity of the model by excluding any mediators that were
associated only with variables from within the same group of mediators (e.g. perceptions of the route
environment), as well mediators that were not on a pathway between exposure and outcome, and
eliminated mechanisms that contained more than two mediators from within the same group of mediators.
The resulting model identified one direct association between proximity to the busway and an increase in
time spent cycling, as well as several indirect pathways (Figure 7). The direct association was equivalent
to that reported in the previous section. The model further showed that although there was no direct
association between exposure and a decrease in time spent cycling, there were two indirect pathways
leading to this outcome.
We then used path regression analysis to test which of these pathways were statistically significant overall.
We found that the indirect pathways via use of the path leading to either an increase or a decrease in
cycle commuting time were statistically significant and explained most of the effect of the intervention.
The indirect pathway towards an increase in cycling explained 86% of the overall effect, while the direct
pathway between exposure and outcome explained only 13% of the effect. None of the other pathways
towards an increase in cycle commuting time via perceptions of the route environment was statistically
significant. Similarly, the indirect pathway towards a decrease in cycling explained 96% of the overall
effect, while the indirect pathway via convenient public transport was not statistically significant.
We further divided our sample and repeated the analysis separately for those reporting (a) no active
commuting and (b) any active commuting at baseline. This led to the identification of six possible pathways
linking proximity to the busway to changes in cycling. In the group reporting no active commuting at
baseline, only the indirect pathway linking proximity with an increase in cycling via use of the path was
statistically significant, and this explained 80% of the overall effect. Among those who already reported
some active commuting at baseline, proximity to the busway was associated both with an increase and a
decrease in cycling, and only the indirect pathways via use of the path were statistically significant.
Little traffic
Convenience of cycle routes
Convenience of public transport
More cycling
Less cyclingProximity to busway
Use of path for cycling
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FIGURE 7 Mediators of changes in time spent in cycle commuting. This is a reduced model showing only those
associations significant at p< 0.05. The dashed line is unidirectional towards more cycling.
EVALUATING NEW TRANSPORT INFRASTRUCTURE
NIHR Journals Library www.journalslibrary.nihr.ac.uk
68
These results showed that of a number of plausible mechanisms tested, self-reported use of the path
explained the majority of the association between proximity to the busway and an increase in time spent
cycling for commuting, while changes in perceptions of the environment or changes in Theory of Planned
Behaviour constructs were not significant in mediating the observed changes in commuting behaviour. It
should be noted that that if the questionnaire items used to ascertain these cognitive constructs had been
framed differently, the analysis might have suggested stronger support for their role as mediators.
Nevertheless, showing that the effect of proximity to the busway on commuting behaviour was largely
explained by use of the busway provides further evidence against the possibility that the effects observed
in the main outcome analyses could have been attributable to confounding, and indicates a plausible
mechanism by which the busway may have changed commuting behaviour: where people live near new
infrastructure that supports active commuting and begin to use it (for any purpose), this may lead to
changes in their overall commuting behaviour. Contextual factors may have been important in bringing
about such an outcome. In particular, the intervention we studied was implemented in a context in which
cycle commuting was already common and compatible with high social status, while car commuting was
comparatively burdensome owing to congestion and difficulties with parking. All of these factors might
have encouraged participants to trial the path along the busway and then to use it more consistently for
cycling. In addition, these results suggest that the association between proximity to the pathway and
decreases in weekly cycle commuting time in the minimally adjusted models reported earlier represented a
real effect of the busway among some people, particularly those with higher levels of active commuting
at baseline.
Contextualising and interpreting the effects
Although exposure to the intervention affected commuting patterns, not all participants used the guided
bus service or walked or cycled on the path. In this section, we explore why commuters may or may not
have used the busway through an analysis of qualitative interview data collected after the formal opening
of the busway.
Given that the main study cohort of commuters was more educated and more affluent on average than
the local population, we widened recruitment for these interviews to include people who had taken part in
our intercept survey of busway users, and we purposively recruited participants from lower socioeconomic
groups. The group of people who took part in this interview study comprised 15 intercept survey
participants and 23 members of the main cohort, and was relatively gender-balanced, with 55% women.
Four participants were not in paid employment. During the interviews, we explored participants’
commuting experiences and choices, before asking them about the impact of the busway on their travel
behaviour. In addition, we used two ‘vignettes’ constructed from the quantitative predictors of
maintenance and uptake of active travel (see Chapter 4, Patterns of active commuting) to elicit reactions
about active commuting and its alternatives. The first vignette focused on positive attitudes towards active
commuting and public transport, while the second contrasting vignette depicted the experience of car use
as it emerged from our study (see Appendix 5).
Consistent with some of our observations above, interviewees reported that the busway affected their
choices and opportunities differently depending on where they lived and worked. Those who were able to
take advantage of the quicker, off-road sections of the guided bus service rather than the slower, on-road
sections, or who were able to use the relatively junction-free cycle path, described the busway as ‘efficient’
or ‘convenient’. An added benefit of the busway was that it eliminated the stresses and costs associated
with parking a car. The busway was thus particularly relevant to commuters if it was located on their
commuting route and able to replace a previous mode of transport altogether. In contrast, those who had
cause to assess the performance of the bus service within the city on the normal road network reported
that it was not necessarily faster than driving or using regular buses. In other words, what was regarded as
a novel, viable, quasi-tramway service by some was experienced as no different from an ordinary bus
service by others.
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Even so, we found that the mechanisms by which the busway could lead to changes in commuting
behaviour were sometimes more complex. Some commuters had trialled using parts of the busway as they
became available to see if it could serve their needs. This could also lead to a trial of active commuting.
One participant reported that she had tried parking at the new park-and-ride site and then cycling along
the busway to avoid having to park at her workplace.
In 2009 I would have driven to work and parked on site, because that’s really the only option. I live
about 23–25 miles away, and the buses would have taken me quite a long time to get to work, so I
would have driven and parked on site. Then there was the opportunity to park at the Trumpington
Park-and-Ride and cycle along the guided busway, so I opted to try some of those.
Woman, 60s, who used to drive to work and now commuted by car to a park-and-ride
site and then cycled along the busway in summer, or used the guided bus in winter
We saw earlier that the experience of commuting, or the space in which commuting takes place, was
important to people. These factors were also mentioned in assessments of the busway. Crowding and the
proximity of other people on buses was described by some interviewees as unappealing and as a reason
not to use public transport, especially in the light of the higher price of tickets. The availability of more
comfortable seating, free internet access or power sockets was seen as inconsequential to those users who
considered the busway to be no different from regular bus services. However, other participants for whom
the busway presented a viable travel option rated the space created by the busway positively, for example
because it provided more generous seating and avoided traffic congestion.
It’s somewhere you can relax and sort of not get stressed by driving and things like that, which I find
has been a real difference.
Man, 50s, who used to share a car journey to work and now commuted
by guided bus four times per week and by car on other days
Variation in how participants experienced the space created by the busway was particularly pronounced in
respect of the path. Some cyclists rated the ‘off-road’ and remote nature of the path negatively, while
others, particularly those with less confidence or experience, appreciated the path because it involved
fewer safety concerns than when cycling on the road.
There is just almost no chance of impact, the buses can’t get you because they’re in the busway and
there are no cars allowed anywhere near.
Man, 50s, who commuted by car or occasionally by cycling along the busway
Participants trialled the busway in part because the busway was ‘there’, and our interview data indicated
that active commuting could be taken up as a result of such trials. One participant reported that she tried
the busway because it had been provided. Another had tried walking 1 or 2 days per week, but then
discovered her ability to do so more often. This provides contextual elaboration of our account of exposure
to the intervention, but also ties in with the observation that the uptake of a new mode of transport is
best understood as a haphazard process, which often starts with a trial and, subsequently, may be
incorporated into more habitual travel behaviour over time.
I thought it’s being provided, it’s been a long time coming, I really should give it a try, and I did find
that it suited me, both time, frequency, cost. [. . .] and then it’s successful so I’ve go[ne] with it, yes.
Woman, 60s, who used to drive to work and now commuted by car to a park-and-ride
site and then cycled along the busway in summer, or used the guided bus in winter
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I know when I first started doing it [walking along the busway to the park-and-ride site] I thought,
‘Oh, I’ll do it once a week, twice a week,’ which is what I did, actually. [. . .] And then I thought, ‘Well
actually, I can do it every day,’ but it was a question of building up to it.
Woman, 50s, who used to drive to work and now commuted by car to a
park-and-ride site and then walked or used the guided bus
In summary, our post-intervention interviews suggested that although people were unlikely to use the new
infrastructure unless it closely matched the journeys they needed to make, a range of other salient factors
informed travel behaviour, and these were dependent on the value individuals attributed to different
aspects of their journey experience. Generally, these involved considerations of comfort, ambience or
pleasantness, and considerations of feeling safe, which could trump considerations of reliability and speed.
Responses to the busway were diverse; what was described as a barrier by some, for example the
discomfort of overcrowded bus travel or cycling on a remote path, was experienced as a facilitator by
others, such as not having to negotiate traffic congestion as a bus passenger or enjoying car-free off-road
cycling. These experiences, albeit complex and ambiguous, culminated in meaningful travel behaviour
change for some, through a process of shifts in the balance between influential factors, planning and
adopting the environmental change over time.
For further details, see Kesten et al.119
Linking active commuting with health benefits
Exposure to the intervention was associated with an increase in time spent cycling, but we found no
evidence of a direct association with an increase in total physical activity. However, the study lacked
statistical power to detect such an effect, and active commuting is associated with health benefits in its
own right.120 We therefore went on to explore the longitudinal associations between active commuting
and overall physical activity and selected short-term health outcomes in our study cohort. We first
investigated whether or not changes in active commuting were associated with changes in self-reported
recreational and total physical activity. We then investigated the extent to which active commuting was
associated with sickness absence from work, physical and mental well-being and BMI at follow-up.
Changes in time spent in physical activity
The distribution of time spent in active commuting was skewed at baseline and follow-up, as discussed
earlier (see Chapter 4, Patterns of active commuting). In our analysis of longitudinal associations between
active commuting and self-reported physical activity in the sample used for the main outcome analyses
reported above, we therefore categorised exposure to active commuting as an increase, no change or a
decrease in weekly time spent walking, cycling or in active commuting over time, and examined
associations with changes in physical activity over the same time period categorised as tertiles. The highest
tertile represented a large increase (mean +390 minutes per week for total physical activity and
+323 minutes per week for recreational physical activity), and the lowest tertile represented a large
decrease in physical activity (mean –495 minutes per week for total physical activity and –370 minutes per
week for recreational physical activity). Covariates were added to the analysis in steps and the final model
was adjusted for age, gender, car ownership, access to a bicycle, distance from home to work, baseline
BMI and baseline total physical activity.
In maximally adjusted multinomial regression models, a decrease in active commuting was associated with
a greater likelihood of a large decrease in total physical activity (RRR 2.1, 95% CI 1.1 to 4.1). In other
words, participants who reported a decrease in active commuting between 2009 and 2012 were
approximately twice as likely to report a large decrease in their total physical activity as those who reported
an increase in active commuting. Conversely, an increase in active commuting was associated with a
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greater likelihood of a large increase in total physical activity (RRR 1.8, 95% CI 1.0 to 3.4), although this
result was of borderline statistical significance (p= 0.06).
We further found that an increase in cycle commuting time was associated with a greater likelihood of
both a large increase (RRR 2.5, 95% CI 1.2 to 5.0) and a large decrease (RRR 3.0, 95% CI 1.4 to 6.3) in
total physical activity. A post-hoc t-test indicated that participants whose cycle commuting increased
and total physical activity decreased reported significantly higher baseline physical activity than those
whose commuting and total physical activity both increased (930 vs. 471 minutes per week; p= 0.001).
Finally, we found no associations between changes in time spent walking for commuting and total physical
activity, or between any of the active commuting exposures and self-reported recreational physical activity.
For further details, see Foley et al.121
Changes in health and well-being
We also investigated whether or not walking and cycling for commuting predicted sickness absence from
work, physical and mental well-being, and BMI at follow-up.
We analysed these longitudinal associations separately for time spent walking for commuting and time
spent cycling for commuting. We categorised each of these exposures in respect of whether it was
reported at all at both baseline and 1-year follow-up (yes or no) and whether or not it had changed over
that time period (increased, decreased or not changed). We then tested whether or not maintenance of
these behaviours predicted each of the four health indicators ascertained at 1-year follow-up, and if
changes in the behaviours predicted changes in each of the four health indicators over the same time
period. We also adjusted each analysis for the value of the respective outcome indicator at baseline. To
increase our sample size, and because this analysis was not focused on the effects of the busway, we
pooled data across all three 1-year transitions available in the study, that is those between 2009 and 2010,
between 2010 and 2011 and between 2011 and 2012. Each participant was included only once in each
analysis, based on the first year of the study in which they had returned a questionnaire with a completed
travel-to-work record. The regression analyses were adjusted for potential confounders, as detailed below.
We found that maintenance of cycle commuting predicted three of the four health indicators 1 year later
(Table 15). On average, those who reported maintaining cycle commuting reported lower sickness absence,
higher mental well-being and lower BMI at 1-year follow-up than those who reported no cycle commuting.
The effect size was equivalent to 1.2 (p= 0.005) or 1.1 (adjusted for baseline sickness absence; p= 0.004)
fewer days of sickness absence over 1 year. This compares with a mean of 3.3 self-reported sick days per
year (SD 11.1 days) in the cohort. The effect sizes for physical and mental well-being were of a similar order
of magnitude as those we found in our earlier cross-sectional analysis (see Chapter 4, Relationships with
physical activity, health and well-being), although the findings for physical well-being were non-significant
and the findings for mental well-being became non-significant after adjustment for baseline mental
well-being. The difference in BMI was also attenuated and became non-significant after adjustment for
baseline BMI.
Changes in active commuting were associated with changes in the health indicators in two ways. First, an
increase in time spent cycling for commuting was associated with a net increase of approximately one unit
in the PCS-8 score after adjustment for potential confounders and baseline PCS-8. Second, an increase in
time spent walking to work predicted a net decrease in BMI of 0.2 kg/m2, with a reduction in time spent
walking to work predicting a net increase of 0.2 kg/m2. Although not statistically significant, these
associations are consistent with the hypothesis that active commuting has positive effects on health and
well-being.
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In summary, changes in active commuting were associated with commensurate changes in total
self-reported physical activity over a 3-year period of observation and we found no evidence of a
compensatory change in self-reported recreational physical activity. We further found that active
commuting was associated with lower sickness absence at work and improved indicators of health and
well-being in some analyses, albeit with modest effects at the individual level.
For further details, see: Mytton et al.122
Conclusion
Using a variety of approaches to better understand both the intervention and its effects, and by
accounting for a range of other possible explanations, we have been able to isolate the effect of the
intervention on commuting behaviour change. We were able to show that proximity to the busway was
associated with an increased likelihood of a large increase in commuting trips involving any active travel
and of a large decrease in the proportion of trips made only by car. Proximity to the busway was also
associated with a reduced likelihood of an increase in carbon emissions. Proximity to the busway was
further associated with an increased likelihood of an increase in weekly cycle commuting time, and of an
increase in weekly active commuting time among those who reported no active commuting at baseline.
These effects were not just a result of small changes in individual behaviour, but reflected substantial
average increases in time spent cycling to and from work. We found no evidence that proximity to the
busway was associated with an increase in overall physical activity – or with a decrease in overall physical
activity – but we found that proximity to the busway was associated with an increased likelihood of an
increase in total cycling time, that is for commuting and recreation combined. Our investigation of the
mechanisms by which the busway had an effect on commuting behaviour suggested that the majority of
the effect on time spent cycling was through the use of the path. Finally, we showed that active
commuting was associated with favourable physical activity and health and well-being outcomes in
longitudinal observational analyses.
EVALUATING NEW TRANSPORT INFRASTRUCTURE
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Chapter 6 Discussion
Introduction
Promoting physical activity in the population at large forms a key part of national and international strategies
to reduce the burden of non-communicable disease. Active travel, in particular active commuting, can provide
a feasible way for people to incorporate more physical activity in their daily lives. We took the opportunity
presented by the construction of the Cambridgeshire Guided Busway to conduct a natural experimental
study, the Commuting and Health in Cambridge study, which used a combination of quantitative and
qualitative research methods to investigate active commuting and assess the effects of improving transport
infrastructure to support walking, cycling and public transport. In this chapter, we begin by summarising the
principal findings of the study. We go on to discuss the contributions and implications of our findings for
three aspects of public health science: our understanding of active commuting as a source of health and
well-being and a target for public health intervention; the evidence linking environmental change with travel
and physical activity behaviour change; and the methods for public health research in this field. We then give
a brief account of our experience of engaging with key stakeholder groups in the course of the study. Last,
we summarise the conceptual and methodological challenges we faced, the strengths and limitations of the
ways in which we addressed these, and the implications of our findings and experience for future research.
Our discussion is necessarily focused on a few selected issues arising from the large body of research
summarised in the report. Further discussion of many of the more specific or technical issues can be found in
the relevant publications (see Acknowledgements).
Principal findings
Understanding active commuting
Despite 85% of the sample having access to a car, active commuting was a highly prevalent behaviour in
our cohort, reflecting the background prevalence of cycling in Cambridge and the selection of largely
healthy workers into the cohort. Although time spent in physical activity overall changed little over the
duration of the study, time spent in active commuting declined and this was mostly explained by a
decrease in time spent cycling. Commuters reported using a great variety of modes and combinations
of modes of transport on the journey to and from work, and walking and cycling were often incorporated
into longer journeys by car or public transport. On average, 20% of the duration of these multimodal
trips was spent above the moderate physical activity intensity threshold, indicating their substantial
potential contribution to commuters’ weekly volume of physical activity. Those who spent more time in
active commuting were more likely to record higher levels of overall physical activity as measured by
accelerometer, and changes in active commuting were associated with commensurate changes in overall
physical activity over a 3-year period of observation. Cycle commuting in particular was associated with
lower sickness-related absence at work and improved well-being indicators 1 year later, albeit with modest
effects at the individual level, and qualitative narratives also indicated experiences of well-being related to
active commuting.
Understanding commuting as a complex behaviour led us to explore how it was shaped by complex
motivations and circumstances, with a particular focus on social and environmental factors. The
convenience, pleasantness, speed, reliability and safety of the transport options available were important
considerations in making commuting choices, but these choices were often not straightforward. For
example, cycling might have been chosen as the fastest mode of transport, but detours could be
incorporated to make a given journey safer and more pleasant away from traffic. Similarly, commuters
could have positive attitudes towards one mode of transport, such as the car, while also using another,
such as walking or cycling. Commuters tactically accommodated their commute within a broader set of
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social and physical constraints and contexts. Commuting practices differed between men and women
and were shaped by relationships and responsibilities within and beyond the immediate household, for
example the need to care for children or elderly relatives. The ability to live closer to work or to be flexible
about the timing of the commute was related to higher socioeconomic position, and changing life
circumstances such as becoming parents or home owners often required commuters to accept longer
journeys from more affordable residential locations outside the city. Although distance between home and
work was an important influence on commuting behaviour, it did not necessarily present an obstacle to
incorporating walking or cycling into longer journeys made by car or public transport. The likelihood of
active commuting was also related to the availability of parking at work, safe, convenient routes for
walking and cycling, and convenient public transport.
Evaluating new transport infrastructure
Our evaluation of the busway highlighted the complexity of the intervention in providing a new guided bus
service as well as a traffic-free path for walking and cycling. While the guided bus service provided an
obvious alternative to car travel, it also had the potential to replace trips previously made by walking or
cycling and to generate new trips. Our survey of busway users found that more than half of guided bus trips
and one-quarter of cycle trips intercepted on the busway were said to have replaced a car trip, and nearly
half of users reported that they now walked or cycled more than they had before the opening of the
busway. In cross-sectional analysis of our cohort data, exposure to the intervention – defined in terms of
proximity, modelled as the negative square root of the shortest network distance from home to busway –
was associated with a greater likelihood of using the busway for walking, cycling and bus travel. Of these,
cycling was the mode of transport most sensitive to proximity. The effect of proximity was strengthened in
towns for bus use, and in towns and villages for walking, compared with urban areas. Men were more likely
than women to have cycled on the busway, whereas individual socioeconomic characteristics did not predict
guided bus use or walking.
Against the background of a general decline in active commuting in our sample over time, and using a
robust quasi-experimental study design, we went on to show that the provision of the busway was
associated with a shift away from using the car and an increase in time spent in physical activity on the
journey to and from work. Longitudinal analysis of our cohort data found that exposure to the intervention
was associated with nearly a doubling of the likelihood of a large increase in the proportion of commuting
trips involving any active travel, and of a large decrease in the proportion of trips made entirely by car, as
well as with a correspondingly lower likelihood of an increase in estimated carbon emissions attributable to
commuting. Exposure to the intervention was also associated with a greater likelihood of an increase in
weekly time spent cycling on the journey to and from work, to the effect that participants living 4 km
from the busway were one-third more likely to have increased their cycle commuting time between 2009
and 2012 than those living 9 km away. This effect was maintained in analysis of time spent cycling for
commuting and recreation combined, suggesting that an increase in commuter cycling was not offset by a
compensatory decrease in recreational cycling, but we found no effect on time spent in physical activity
overall. Use of the busway explained the large majority of the observed effect on active commuting, while
changes in cognitions relating to the route environment or to car use were not significant in mediating the
observed effect. The effect was moderated by baseline commuting behaviour, with a significant effect on
overall time spent in active commuting among those who reported no active commuting at baseline.
Interviews suggested that although people were unlikely to use the new infrastructure unless it closely
matched the journeys they needed to make, a range of other factors informed travel behaviour, and these
were dependent on the value attributed to different aspects of the journey experience. These generally
involved considerations of comfort, ambience or pleasantness and of feeling safe, which could trump
considerations of reliability and speed. Although experiences of the busway were complex and ambiguous,
they culminated in meaningful travel behaviour change for some users, through shifts in the balance
between influential factors and planning, trialling and adopting new practices over time.
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Principal contributions and implications of the study
Understanding active commuting
The contribution of active commuting to health and well-being
Our study has shown that active commuting can make a substantial contribution to overall physical activity
and to health and well-being more generally.
We found that time spent in active commuting was associated with time spent in overall physical activity in
cross-sectional analysis, and that changes in time spent in active commuting were associated with
commensurate changes in time spent in overall physical activity over a 3-year period of observation. These
findings build on a limited body of previous cross-sectional studies reporting similar associations, and a
single longitudinal study which reported a comparable relationship between changes in active travel (not
limited to commuting) and overall physical activity in adults.123–125 Although these observational analyses
are consistent with a hypothesis that an increase in active travel in a given population is likely to be
translated into an increase in overall physical activity, they are not proof of a causal relationship in that
direction, being equally consistent with a hypothesis that active travel may increase as a consequence of
factors driving a more general increase in physical activity. Nevertheless, they can be interpreted as
providing some evidence against the substitution hypothesis that increases in one domain of physical
activity (such as transport) may be counteracted by decreases in another domain (such as recreation), and
our subsequent analysis of changes in physical activity attributable to the busway also found no evidence
of a decrease in recreational physical activity. Our findings, therefore, lend support to the inference from
health impact modelling studies that a shift towards active commuting in the population is likely to be
associated with overall population health gain.126
A particular contribution of our study is the demonstration of the potential contribution of multimodal
journeys to overall PAEE. The incorporation of walking or cycling into longer car or public transport journeys
was associated with significant additional energy expenditure. On average, 20% of the duration of these
trips was spent above the MVPA threshold, and because many of the commuters in our cohort travelled a
considerable distance to work, this equates to approximately 8 minutes per trip or 80 minutes per week on
average for a full-time worker. Efforts to promote active commuting have sometimes focused on encouraging
people to walk or cycle the entire journey to and from work. Although this may be a desirable and feasible
goal for some commuters, the UK has the longest average commuting journeys in Europe, and Cambridge is
not unique among UK cities in having a large rural commuting hinterland. Our findings show that active
travel can be incorporated into commuting irrespective of the total length of the journey, and therefore
illustrate the public health potential of promoting more of this form of ‘incidental’ walking and cycling, which
may be more accessible and achievable for a considerable proportion of the population than replacing entire
motor vehicle trips with active travel.
Aside from their contributions to overall physical activity, walking and cycling in general, and active
commuting in particular, have also been shown to be associated with certain health benefits in adults in
their own right. The most convincing longitudinal epidemiological evidence comes from systematic reviews
showing reductions in the risk of mortality127 and adverse cardiovascular outcomes,120 respectively,
independently of other domains of physical activity, although the studies contributing to the latter review
were few in number and investigated a variety of specific outcomes. Studying ‘hard’ clinical end points
was beyond the scope of our study, but we were able to exploit our cohort data to investigate associations
between active commuting and sickness absence, well-being and BMI. Although the attrition of our cohort
over time undoubtedly reduced the statistical power of our analyses to detect significant associations, the
pattern of our findings can be regarded as providing preliminary support for the hypothesis that active
commuting – and, in particular, cycle commuting – may be associated with beneficial effects on each of
these outcomes, and our qualitative data provide some corroboration. The point estimates for the effect
sizes on sickness absence and well-being are consistent with effects of ‘population significance’. For
example, the difference we observed in sickness absence (1.1 days per year) is one-quarter of the mean
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sickness absence in the UK working population (4.4 days).128 For well-being, the difference we observed in
PCS-8 was comparable with those observed in our cohort between adults in their twenties and those aged
50 years and above (1.1 units), or between adults with a BMI < 25 kg/m2 and those with a BMI > 30 kg/m2
(1.3 units). Similarly, the difference we observed in MCS-8 was greater than that between men and
women in our cohort (1.1 units), although less than the increase observed with advancing age (4–5 units
between adults in their twenties and those aged 50 years and above). However, the effects were
attenuated when the analyses were adjusted for baseline values of PCS-8 and MCS-8, respectively, that is
when effectively comparing cyclists and non-cyclists with the same level of well-being at baseline.
A recent analysis of a much larger cross-sectional dataset found a clear association between mode of
travel to work and BMI.129 Although that analysis provides no basis for the direct inference of a causal
relationship, taken together with our findings it indicates the value of seeking to replicate our longitudinal
analyses in larger cohorts with a longer duration of follow-up and, where possible, objective ascertainment
of key outcomes, such as body composition, and of potential confounders such as dietary intake.
Active commuting as a target for public health intervention
One way of thinking about the promotion of physical activity is to regard people’s time as being divided into
different time budgets, such as Sleep, Leisure, Occupation, Transportation and Home-based activities (the
SLOTH model), and to encourage people to redistribute the time they spend in in more and less active
behaviours over the course of a day or week.130 Part of the case for focusing on active commuting is that
people who travel to work have already assigned a time budget to the activity. Many people may find it easier
to change the way in which they use that existing time budget than to find a new time budget for physical
activity, for example by replacing time spent watching television with a more active form of recreation such as
swimming. Our quantitative and qualitative findings illustrate the myriad ways in which commuters already
divide their commuting time between multiple modes of transport, either within a single trip or over the
course of a week. They also show how making comparatively small or marginal initial changes to travel
patterns – for example, cycling instead of driving on 1 or 2 days each week, or driving to a park-and-ride site
and walking the remainder of the journey – can substantially increase the weekly volume of physical activity,
while also leading in some cases to larger and more sustained changes in travel behaviour over time.
Our observational analyses corroborate and extend existing, mostly cross-sectional, evidence suggesting
that attributes of the environment such as the presence of convenient public transport and walking and
cycling routes are important for promoting and maintaining active commuting.16 In keeping with the
notion of commuting as a complex set of behaviours and practices, however, the specific pattern of
associations differed according to the specific outcome studied, suggesting that some environmental
changes (such as improving pedestrian routes) may be more effective in promoting walking without
necessarily reducing car trips, whereas others (such as changes in parking provision) may be more effective
in reducing car trips. While these findings clearly provide additional support for a general strategy of
improving the environment to support active travel,8 when taken together with our findings on the
importance of multimodal journeys they also suggest a particular line of intervention development and
evaluation relating to the ‘last leg’ of the journey to work. This would entail encouraging the more
widespread use of park-and-ride or other facilities to park away from the workplace, which might be
achieved by a variety of economic or infrastructural measures, coupled with improving the quality and
safety of routes for completing the journey to work on foot or by bicycle.
At the same time, our qualitative and quantitative findings clearly show that how people travel to work is
shaped by numerous other factors. These range from day-to-day changes in their social commitments to
socioeconomic factors completely outside of their control, such as the geography of the provision and cost
of housing and of major sites of employment such as business parks, hospitals and universities. These
economic and social considerations will inevitably influence the outcomes of any specific intervention to
promote active commuting, whether that is directed at individual behaviour change or at improving
particular attributes of the environment. The implication is that a comprehensive public health strategy to
promote physical activity through active travel would need to address the wider determinants of health in
sectors such as employment, housing and planning policy.131
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Linking environmental change with travel and physical activity
behaviour change
In reflecting on the meaning of our evaluative findings, it is important to bear in mind two aspects of
the way in which the study was conceptualised. The first is that we did not set out to evaluate whether
the busway was ‘effective’ in any overall or comprehensive sense, and certainly not to evaluate its value for
money. While similar transport projects exist around the world and more are planned, a guided busway is
only one of many specific ways in which central or local government might seek to improve infrastructure
to promote the use of more sustainable modes of transport. Instead, we took the opportunity presented
by this natural experiment to investigate a more specific set of research questions focused on linking
environmental change with travel and physical activity behaviour change in commuters. The second aspect
is that we were not able to conduct this research using a straightforward parallel-group study design, for
the reasons outlined in previous chapters. We therefore sought to build an evidential case for causal
inference using multiple sources of data and types of analysis. With these considerations in mind, in this
section we discuss the meaning of our findings as they relate to the complementary scientific goals of
causal estimation, causal explanation and generalisable causal inference.108
Estimating the effects of the intervention
Using a robust quasi-experimental study design, and against a background of decreasing active commuting
in our study cohort, we were able to show that exposure to the intervention was associated with an
increase in the proportion of commuting trips involving any active travel, a decrease in the proportion of
trips made entirely by car and an increase in time spent cycling on the journey to and from work.
Although the best available evidence at the inception of the study suggested that changing the environment
in this way was likely to lead to an increase in active travel or physical activity, that evidence was limited in
quantity, internal validity and external validity with respect to the UK. For example, the guidance on physical
activity and the environment published by NICE in 2008 identified three studies of ‘multi-use trails’ and
seven studies of ‘cycle infrastructure’ suggesting a positive effect on walking or cycling.17 However, NICE
also highlighted a lack of good quality studies that used valid pre- and post-intervention measures of the
duration or volume of activities, which are important for estimating their health impacts; or that provided
evidence on impacts on physical activity (as opposed to more proximate impacts, such as on the use of
infrastructure or of specific modes of transport), impacts over sufficient follow-up periods, impacts in the UK
or impacts in populations living in rural areas.17 A widely cited review of infrastructure, programmes and
policies to promote cycling published in 2010 concluded that ‘Most of the evidence examined in this review
supports the crucial role of public policy in encouraging bicycling’.132 However, that conclusion depended
substantially on inferences from uncontrolled, cross-sectional or case studies, and the authors noted that
‘most studies fall far short of the ideal research design for evaluating interventions [. . .] As a result, these
studies do not adequately address the direction of causality’.132 Our own systematic review of controlled
studies of interventions to promote cycling published in the same year found only a handful of studies
involving any environmental change, none of which included any measure of behaviour change over time in
the same individuals or any form of controlled analysis of physical activity outcomes; we described the
available evidence as ‘of limited quantity and validity’.29 Our study is one of a number of studies that have
been developed in the UK in recent years to address some of these limitations of the existing evidence base.
An evidence update issued by NICE in 2014 found no relevant studies of transport projects published in
the global literature since the original 2008 guidance, and only one in the category of community design;18
this was the RESIDE natural experimental study from Perth, Western Australia. RESIDE showed that
among people moving into newly built neighbourhoods, walking for transport (but not for recreation)
was associated with the degree to which their new residential environment was compliant with design
guidance, particularly that relating to the movement network.133 The strengths of RESIDE include its
controlled design, the collection of repeated measures of environmental exposures and behavioural
outcomes for a substantial cohort at up to four time points over a period of 6–8 years, and the
development and use of detailed and specific objective measures of exposure to relevant attributes of the
physical environment. Indeed, the use of these more specific measures of exposure has been important for
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demonstrating an association between the degree of environmental change and an increase in walking for
transport133 that was not observed in an analysis based on a simpler comparison of ‘intervention’ and
‘control’ groups134 – a finding that reinforces our own decision to use a graded measure of intervention
exposure for our main outcome analyses. However, the transferability of the findings of RESIDE from a
sprawling Australian city to the UK is open to question.18
As we have shown in previous systematic reviews, few studies have reported the equity or other
distributional impacts of interventions to promote active travel.25,27,29,135 Our cohort lacked sufficient
socioeconomic heterogeneity to permit a meaningful evaluation of the equity impact of the busway,
but we have provided some evidence that the effect of the busway on active commuting was most
pronounced among those who reported no active commuting at baseline. This is an important contribution
in view of the findings of the iConnect study, which was published shortly after the evidence update issued
by NICE. The core of the iConnect study comprised an evaluation of new walking and cycling routes in
Cardiff, Kenilworth and Southampton, and found that living closer to the new routes predicted net
increases in time spent walking and cycling, and in overall physical activity, among local adult residents at
2-year follow-up. The estimated effect size was an additional 15 minutes of walking and cycling per week,
and an additional 13 minutes of overall MVPA per week, for each additional km of proximity to the new
routes.69 However, the iConnect study also showed that baseline activity levels strongly predicted the use
of the new walking and cycling routes,136 and some previous studies have indicated that a substantial
proportion of new cycle trips generated by infrastructural or promotional interventions were attributable to
existing cyclists making more trips rather than to new cyclists.25,29 Those findings raise the question of
whether new infrastructure might be most influential among those who are already more active, at least
initially. In contrast, our results suggest that the busway might have been successful in encouraging the
uptake of active commuting among the less active, rather than merely encouraging those who were already
active to do a little more. The former is likely to lead to greater population health gain than the latter.
Despite the fact that the busway was intended to increase public transport use mainly by attracting car
users, we did not find a significant effect of the intervention on the proportion of commuting trips
involving public transport. That is not to say that the busway was not effective in promoting the use of
public transport, because patronage of the guided buses exceeded initial expectations and our intercept
survey confirmed that a substantial proportion of busway users were intercepted while using the guided
bus rather than the path. We may have failed to detect an effect on public transport mode share for
several reasons. First, a shift from a conventional bus service to a guided bus service would not have been
captured by our measure. Second, the uptake of bus travel for purposes other than commuting would not
have been captured by this measure either. Third, our cohort sample may in any case have lacked
sufficient statistical power to detect a change in public transport mode share, which was not the primary
outcome measure for the study. It is also possible that in another setting a guided busway might have
resulted in a more prominent shift from the car to public transport, whereas the high prevalence of cycling
in our study population at baseline might have encouraged a greater proportion of users to cycle on the
path instead of using the bus.
We also found no evidence of an effect of the busway on time spent walking, either for commuting or in
combination with recreational walking. As with the use of public transport, this may reflect any of several
aspects of our study design and study population. For example, the infrastructure projects evaluated in the
iConnect study were constructed in areas in which cycling was much less prevalent than in Cambridge,
and local residents who reported using the new routes at follow-up were much more likely to report using
them for walking than for cycling, and for recreation than for transport.136 In this study, in contrast, we
focused on walking or cycling for commuting, and deliberately sampled participants who did not live in the
same immediate area of the city as their workplace in order to focus on those making somewhat longer
journeys to and from work. For this reason walking as the sole mode of transport was not a prevalent
commuting pattern in our sample, and although walking was often undertaken as part of longer car or
public transport journeys, short ‘incidental’ walks of this kind are notoriously difficult to capture using
self-reported survey instruments and may simply have been under-reported. Unlike walking to and from
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work, recreational walking was highly prevalent in our sample and remained comparatively stable over the
course of the study.
We sought, but did not find, evidence of an increase in overall physical activity attributable to exposure to
the busway. Again, this may reflect at least two potential explanations. The first is a lack of statistical
power to detect a significant change in this secondary outcome measure, given the substantial additional
attrition of the cohort consequent on the extension of the study. Estimates of overall physical activity
derived from self-reported measures are subject to large measurement error, and our analysis may simply
have been unable to detect the signal of an effect against the background noise of this measurement
error. The second is that in the iConnect study the significant effects on time spent walking, cycling or in
overall physical activity were observed at 2-year follow-up but not at 1-year follow-up, suggesting that a
longer period of follow-up might have been required to detect an effect on overall physical activity
attributable to the busway.69 Having said that, it is reassuring that the effect of the intervention on time
spent cycling for commuting was not attenuated when included with cycling for recreation, and that we
found no evidence of a compensatory decrease in time spent in overall recreational physical activity.
Explaining the effects of the intervention
Although quantifying the effect of interventions forms an important part of causal inference to support
evidence-based public health, it is also important to elucidate a causal understanding of the mechanisms
linking interventions with their observed effects – partly because this understanding can contribute to
an assessment of the generalisability of the findings, and partly because it can provide additional support
for causal inference in studies, such as this one, in which the possibility of confounding cannot be
eliminated from the estimate of the main effect.20,108
Our path regression analysis showed that a large majority of the association between exposure to the
busway and change in cycle commuting time was explained by self-reported use of the path, mirroring the
findings of the iConnect study to the effect that changes in physical activity were limited to the subgroup
of the study cohort reporting use of the new infrastructure69 and largely explained by such use rather than
by more complex causal pathways involving cognitive constructs.137 Although at first sight this may appear
an obvious finding, it provides an important buttress to the main outcome analyses because it confirms
the most obvious causal pathway linking the provision of new infrastructure with behaviour change.
Despite our best efforts to control for a variety of potential confounders of that relationship, we cannot
be completely confident that the observed association was not accounted for by some other factor,
particularly an unmeasured confounder that may have been unequally distributed in the study population
at baseline. At the same time, the findings of the path regression analysis challenge an assumption that
changes in cognitions relating to the route environment or to car use necessarily form part of the
mechanism linking environmental change with behaviour change. A full discussion of this issue is beyond
the scope of this report, but, in brief, the findings might be regarded as consistent with – although
certainly not proof of – a hypothesis that the changing of actual environmental cues might be at least as
important in bringing about behaviour change than the changing of cognitions or perceptions about the
environment. In other words, at least some of the effect of this type of intervention might be mediated
through unconscious processes, rather than through the rational decision-making processes described by
some of our participants.138
Our cross-sectional cohort analysis showed that living closer to the busway was associated with use of the
busway for walking and cycling, as well as for bus use. This is important because it shows that high-quality
infrastructure can attract pedestrians and cyclists even when high-quality public transport is also provided,
suggesting that public transport and active travel can co-exist in a sustainable and health-promoting
transport system rather than necessarily competing with each other. Our qualitative findings provide
additional support for this interpretation by showing how people used these modes of transport in
combination, whether as part of the same trip or on different days of the week. At the same time,
we should remain alert to the possibility that interventions of this kind may reduce active travel among
some groups of users and potential users. This is well illustrated in some of our qualitative narratives, and
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also in our stratified path regression analysis. The latter found that among participants with a higher level
of active commuting at baseline, use of the path was associated with both an increase and a decrease in
weekly cycle commuting time. There are at least two potential explanations for this apparently
counterintuitive finding. First, the provision of a high-quality bus service may have been sufficiently
appealing to attract some commuters, who had previously cycled to work but for whom commuting by car
was not attractive or not feasible. Our intercept survey data confirmed that a small but not inconsequential
proportion of guided bus trips had indeed displaced trips previously made by walking or cycling. A second
explanation is that the busway might have reduced the actual or perceived duration of cycle commuting
trips for some people because the new route was more efficient for cycling, with fewer intersections and
traffic lights and the opportunity to maintain a higher average speed. This could explain a reduction in
cycle commuting time among some participants, even in the absence of a significant reduction in the
average length of the journey to work.
Our cross-sectional cohort analysis also revealed that use of the busway was moderated by some
contextual factors. In particular, the effect of proximity on use was strengthened in towns for bus use, and
in towns and villages for walking. This indicates that the uptake of the intervention was moderated by
characteristics of the settlements in which people lived, with people in rural settings apparently more
sensitive to the provision of the new transport infrastructure. This may reflect the fact that people living in
urban areas have more transport options available to them and shorter distances to travel, whereas an
equivalent change to the transport infrastructure in a more rural area may constitute a more substantial
‘dose’ of change for the people living there. Given the potential contribution of multimodal journeys to
overall physical activity, this is an important finding because it suggests that interventions of this kind may
have greater potential for shifting travel behaviour among people living outside the urban areas that have
tended to be the focus of most previous research in this field.17
Generalising the effects of the intervention
At face value, there are three main threats to the external validity or generalisability of our findings. The
first is that our study cohort was comparatively highly educated, healthy and physically active, both in
general and as active commuters in particular. These characteristics reflect the results of a healthy cohort
effect combined with a focus on adults of working age travelling to work at predominantly ‘white collar’
workplaces in a comparatively affluent part of the UK. The second is that the subject of our study was a
somewhat unique intervention, in the form of a transport infrastructure project that improved provision for
public transport, walking and cycling (which we could not entirely disentangle from each other in our
evaluation) and may not be implemented in exactly the same form in other places in the UK or elsewhere.
The third is that it is very likely that certain contextual factors were important in producing or moderating
the outcomes of the intervention. For example, our study took place in a context where cycling was
already prevalent and regarded as compatible with high social status, while car commuting was
comparatively unattractive for many car-owning participants because of traffic congestion and difficulties
with parking.
Of course, it cannot be assumed that an effect observed in Cambridge would necessarily be replicated in
other parts of the UK.139 However, the potential critique of ‘unrepresentativeness’ can be countered with a
converse argument. If an effect of new transport infrastructure can be shown against the background of
a comparatively active study population and a comparatively supportive environment – and shown to
be greatest among the least active – then that is at least consistent with a hypothesis that similar
environmental changes could also be effective, if not more effective, in other settings. Our reflection on
the problem of generalisability is that no single intervention study in this field, or indeed in most areas of
public health research, is likely to be capable of supporting generalisable causal inference. On the contrary,
the only way to generate such evidence is to combine evidence from multiple studies of related
interventions in different contexts, which together could form the basis of inferences about what works,
for whom and in what circumstances.140 To that end, our findings begin to corroborate and extend those
of the iConnect, RESIDE and other studies in providing growing empirical support for a more fundamental
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underlying hypothesis that changing transport infrastructure can lead to travel and physical activity
behaviour change, and, more specifically, that this can happen in the UK.
Methodological investigation and development
Although methodological research was not the primary aim of this study, we have made a number of
contributions to methods for public health research in the course of its execution. Most importantly, we
devised and subsequently validated a self-reported estimate of weekly time spent in active commuting.
In doing so, we not only provided the first short, validated measure of this kind in a field that has tended
to rely on measures that are either not specific or not validated, but also made a methodological
contribution to the challenge of inferring activity patterns from georeferenced activity data, which may
play an increasingly important role in future public health studies linking environment and behaviour.
Alongside our investigation of different quantitative methods of capturing key constructs of importance
to the study, we also explored the qualitative method of photo-elicitation as a means of gathering
ethnographic observational data. This resulted in a change in participants’ narratives from more operational
considerations of their transport options to more emotional and indirect reflections, for example in respect
of commuting as a source of well-being. Perhaps the most important implication of this work is to highlight
a more general observation that different elements of the study contributed to our understanding of the
research topic in different ways – ranging from the testing of pre-specified statistical hypotheses about
aggregate effects of the intervention, to the unstructured and flexible exploration of the detail of what the
practice of ‘active commuting’ entails and means for different people.
Engagement with stakeholders
We aimed to engage with a variety of relevant stakeholders at all stages of the research process. At the
planning stage of the study these included the director of planning and the head of delivery for the busway at
the local authority; the local public health department; and representatives of several major local employers,
particularly those on the Cambridge Biomedical Campus and Cambridge Science Park, from which many of
the study participants were ultimately recruited. We went on to hold a forum for local stakeholders in January
2011, midway through data collection. This event was attended by a mixture of academic, public health
and local government representatives from the region, and provided an opportunity to discuss preliminary
findings, emerging research questions and strategies for knowledge translation. A number of changes were
made to the core questionnaire used in 2011 and 2012 following the discussions at this event.
Drawing on our experience of this stakeholder forum and our wider knowledge translation activities within
the Centre for Diet and Activity Research (CEDAR), we then held a second event in January 2015. At this
event, the Commuting and Health Research and Policy Forum, we sought to engage existing and new
stakeholders in a dialogue to coproduce some of the learning from the study. A larger number and variety
of stakeholders were represented at this event, including some from the voluntary sector, from central
government and from overseas. By this time the study had produced 22 scientific publications, with more
in progress, using a variety of quantitative and qualitative research methods. The format was designed
to encourage interaction relating to the study findings and related topics, both between the study team
and the invited stakeholders and between different stakeholders. The event began with two plenary
presentations, the first from the local authority introducing the busway and the second from the research
team providing an overview of the key findings of the study. These findings and related materials
subsequently formed the basis for more detailed discussion at a series of stations offered in a
‘marketplace’ or ‘open day’ format. At these stations, members of the research team facilitated discussions
on the topics of ‘approaches to evaluation and measurement’, ‘active travel and health’, ‘the role of
environment in shaping travel behaviour’, ‘mapping changes in travel behaviour’ and ‘drawing the threads
together’ of the various aspects of the study. The event closed with a chaired plenary discussion of key
learning points from the forum, including invited commentaries from external stakeholders and an open
discussion of the implications for research, policy and practice.
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As the event was designed to encourage the coproduction of insights rather than the didactic ‘dissemination’
of findings, this provided an opportunity to explore participants’ experiences and expectations of knowledge
translation and the use of evidence. Using preliminary participant observation during the event itself in
combination with in-depth follow-up interviews, we aimed to investigate stakeholders’ reflections on the
process of knowledge translation and how they understood, interpreted and might or might not be able to
apply the evidence. Preliminary findings suggested that attendees appreciated the interactive format of the
forum and the opportunities to ask specific questions of particular members of the research team and to
debate and network with colleagues. There was a consensus that physical activity and health were
increasingly recognised as important for policy, including in the transport sector, but participants regarded
the complexity of results and researchers’ uneasiness about producing ‘soundbites’ as a significant barrier
to influencing key decision-makers. Follow-up interviews explored institutional constraints to the use of
evidence and the ways in which competing interests, budgets and concerns shaped decision-making at the
intersections of health, transport and other sectors, and in local and national government. Knowledge
translation was described as a continuous and complex process involving hierarchies of decision-making and
the translation of both findings and designs of research across sectors.
Challenges, strengths and limitations of the study
Challenges of the study
We faced a number of challenges in the design and execution of this study. We have chosen to highlight
four of these here because they illustrate some of the difficulties inherent in addressing the research
recommendations on physical activity and the environment published by NICE in 2008,17 which formed
part of the background to the inception of the study. The first challenge was that of combining different
disciplinary perspectives on the assessment of behaviour change in the context of the evaluation of a
transport infrastructure project. The fields of physical activity research and transport research have tended
to assess travel behaviour using different instruments and summary measures, and we aimed to establish
some common methodological ground between these different approaches. This was important in order
to be able to assess the effect of the intervention using a suite of complementary metrics to serve the
needs of different groups of users of the findings, while also understanding the social and physical
contexts of the target behaviours. The second challenge was that of implementing rapid and robust
baseline measurement in the somewhat unpredictable setting of a natural experimental study of an
intervention that was outside the control of the research team. This required us to make trade-offs
between the competing merits of different approaches and technologies for capturing travel and physical
activity behaviour change. The third challenge was that of finding a way of defining exposure to the
intervention that would enable us to make controlled comparisons and thereby strengthen the basis for
causal estimation of the effect of the intervention. This required us to deal rigorously and transparently
with the emerging realisation that a simple parallel-group design was not suitable for the evaluation of the
busway. The fourth challenge was that of designing and adapting an analytical strategy that was able to
cope with the delayed implementation of the intervention. This required us to use different types of data
and approaches to analysis to piece together a combination of evidence for causal estimation and evidence
for causal explanation along an extended putative causal pathway linking environmental change with
behaviour change and population health impacts. In the following sections, we briefly discuss our
responses to these four challenges in terms of their implications for the strengths and limitations of the
study and for future research, most which have been described elsewhere in the report but are
summarised here for the sake of completeness.
Strengths of the study
Together with our funders, we demonstrated a flexible approach to the unpredictable realities of natural
experimental research in two important ways: first by implementing rapid baseline data collection in what
we believed to be a brief window of opportunity before the originally scheduled opening of the busway,
and later by extending the study and endeavouring to make the best possible use of the available data for
causal inference and understanding. We measured physical activity in general, and travel to and from work
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in particular, using a combination of simpler and more detailed, self-reported and objective measures.
This enabled us to assess the main outcomes of the evaluation using a comparatively simple self-reported
instrument that was readily administered to the entire study cohort in the core questionnaire at baseline –
and could be used in future studies – while later adding more detailed measurement data to validate
our primary outcome measure and investigate more detailed patterns and relationships. By combining
disciplinary perspectives on the measurement of travel to and from work, we were able to collect
disaggregated data at the level of the trip and, to some extent, the stages of each trip. This enabled us to
identify more complex patterns of behaviour such as the use of different combinations of modes of
transport or different ‘intensities’ of car commuting, and, therefore, to investigate their relationships with
potential targets of interventions such as the provision and cost of parking at work. We also demonstrated
a variety of ways of using qualitative data, separately and in combination with quantitative data, to
understand travel behaviour and behaviour change in commuters. For example, we used mixed-method
approaches to interrogate initially counterintuitive quantitative data with insights from qualitative data; and
we used a variety of qualitative methods, including vignettes constructed from the results of quantitative
analyses, to investigate the effects of the busway. Our detailed exploration of the target behaviours and
their relationship with perceived and objective attributes of the environment – particularly in relation to the
route to work – generated valuable original observational evidence in its own right as well as highlighting
the spatial distribution of the target behaviours with respect to the busway, which had an important
bearing on our ultimate analytical strategy for the evaluation. We built on the methods of analysis
developed in this work to create a general graded measure of intervention exposure with demonstrable
face validity that could be adapted to the causal analysis of different outcomes, and an example of how
similar principles could be applied in future studies. In our ultimate estimation of the effects of exposure to
the intervention, we systematically accounted for a set of confounders representing plausible alternative
explanations, thereby providing a considerable increase in rigour over most previous evaluation studies in
the field.17,18,132 Finally, the study provides a rich observational data set that constitutes a valuable platform
for further analyses, particularly using the intermediate years of the core questionnaire data and the
objective measurement data, about which potential collaborators can find out more at our data sharing
portal at http://epi-meta.medschl.cam.ac.uk.
Limitations of the study
Our rapid and rolling approach to the recruitment of participants in multiple workplaces meant that we
had no defined sampling frame such as a population register, and, therefore, could not compute a
population response rate as such. As is often the case with studies of this kind, our cohort sample included
a predominance of women and people educated to degree level or above; although this was partly offset
by the more heterogeneous intercept survey sample, it limited the statistical power of the study to detect
associations in men and to examine socioeconomic gradients in the effects of the intervention. Our cohort
also suffered considerable attrition over time; although this was not surprising, particularly in a city such as
Cambridge with a high turnover of professionals, together with the need to extend the study this resulted
in a loss of statistical power for comparisons between the first and last years of the cohort study. Although
we validated our primary outcome measure, it was far from perfect, and self-reported outcome data are
inevitably susceptible to potential bias as a result of intentional or unintentional misreporting. The
multiplicity of ways of summarising travel behaviour change – and the distributions of these outcome
variables, which rendered them unsuitable for linear modelling – meant that our evaluative findings were
expressed in terms of the likelihood of various categorical outcomes, rather than in the neater terms of a
simple ‘effect size’ such as an increase in the number of minutes spent cycling per week. We ultimately
defined exposure to the intervention solely in terms of where participants lived. Using more detailed
individual measures, for example including both the location of the workplace and the route followed
between home and work, might have captured exposure more fully and produced stronger associations
with behaviour change, but it might also have involved considerably more work for little additional causal
understanding.14,131,141 Our analysis of mediators of the effects of the intervention was limited, both in
terms of the types of mediators considered and in terms of how those were measured. It is possible that if
the questionnaire items used to ascertain the cognitive constructs had been framed differently, the analysis
would have suggested stronger support for their role as mediators. Finally, owing to circumstances beyond
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our control we were unable to assess the maintenance of travel behaviour change after the intervention
over a second year of follow-up as originally planned; and because we did not observe an effect of the
busway on overall physical activity after 1 year, we did not attempt to model the direct impacts of the
busway on the other health outcomes of interest, but instead investigated their longitudinal associations
with active commuting by way of contributing a different piece of the ‘evidence jigsaw’.
Implications for future research
Future epidemiological research should seek to replicate our longitudinal observational analyses of the
health benefits of active commuting in larger cohorts with a longer duration of follow-up and, where
possible, objective ascertainment of key outcomes and potential confounders. Future evaluative research
should seek to confirm and extend our findings by assessing the aggregate and equity impacts of related
environmental and policy changes, in other socioeconomic, cultural and topographical contexts and over
longer periods of observation, defining exposure to interventions in such a way as to enable controlled
comparisons where possible. This is necessary for the gradual cumulation of evidence to support more
generalisable causal inference linking environmental change with travel and physical activity behaviour
change in populations. Such studies may entail recruiting larger, more representative and more
socioeconomically diverse samples for the collection of original data, or making greater use of existing
observational cohorts and national data sets.20,139,142 They should seek to quantify travel and physical
activity behaviour change using self-reported measures, objective measures or both, commensurate with
their research questions, with careful consideration of what is and is not captured by different measures.
They should also endeavour to understand the social and environmental context and mechanisms of
behaviour change using qualitative methods, quantitative methods or both. While greater use could be
made of objective measurement to assess intervention outcomes, researchers and funders should not
underestimate the data processing and analytical requirements and the potential additional volunteer bias
inherent in taking this approach. The success of future natural experimental studies of this kind is likely to
depend on a flexible approach from researchers and funders to respond to changing intervention
timetables and the need for an evolving analytical strategy.20
Conclusion
Although rigorous studies in this field remain few in number, our findings, together with those of others,
provide increasing empirical support for the argument that reconfiguring transport systems to support
active travel is likely to improve population health. Further natural experimental studies of interventions in
a wider range of contexts would help to strengthen the evidence to support more generalisable causal
inference and intersectoral policy-making to improve health.
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Appendix 1 Core questionnaire 2009
Phase 1 survey questionnaire 
Commuting and health in Cambridge 
Questionnaire 2009 
About this questionnaire 
This questionnaire booklet has two parts. 
Part 1 is a Recent Physical Activity Questionnaire. This is designed to find out about your 
physical activity in your everyday life during the last four weeks. It is divided into three sections: 
• Section A asks about your physical activity patterns in and around the house 
• Section B asks about your travel to work and your activity at work  
• Section C asks about your recreational activities. 
Part 2 is a travel and general questionnaire. This is designed to find out about your general 
health, your travel patterns, your views, and some background information about yourself. 
YOUR ANSWERS WILL BE TREATED AS STRICTLY CONFIDENTIAL 
How to complete the questionnaire 
The questionnaire should take about 20 minutes to complete. Please try to answer every 
question. Please use a blue or black pen.  
Some questions ask you to tick a box. Please tick the box that applies to you. 
Example: Are you male or female? Male Female
Other questions ask you to write numbers in a box.
Example: What is your age? Write in years
Don’t worry if you make a mistake — just cross out the mistake and put in the correct answer.
Example: Do you have access to a bicycle? Yes No
53
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Phase 1 survey questionnaire 
PART 1: RECENT PHYSICAL ACTIVITY QUESTIONNAIRE 
Section A — Home activities 
Getting about 
1 Which form of transport have you used most often in the last 
four weeks apart from your journey to and from work? Tick one only 
Car / motor vehicle 
Walking
Public transport
Cycling
TV, DVD or video viewing 
Average over the last four weeks
2 Hours of TV, DVD or video watched 
per day
Tick one box on each line None
Less
than 1 
hour a 
day
1 to 2 
hours
a day 
2 to 3 
hours
a day 
3 to 4 
hours
a day 
More
than 4 
hours
a day 
On a weekday before 6 pm 
On a weekday after 6 pm 
On a weekend day before 6 pm 
On a weekend day after 6 pm 
Computer use at home but not at work  
(e.g. internet, email, Playstation, Xbox, Gameboy, etc.) 
Average over the last four weeks
3 Hours of home computer use  
per day
Tick one box on each line None
Less
than
1 hour 
a day 
1 to 2 
hours
a day 
2 to 3 
hours
a day 
3 to 4 
hours
a day 
More
than 4 
hours
a day 
On a weekday before 6 pm 
On a weekday after 6 pm 
On a weekend day before 6 pm 
On a weekend day after 6 pm 
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Phase 1 survey questionnaire 
Stair climbing at home 
Average over the last four weeks
4 Number of times you climbed up a 
flight of stairs (approx. 10 steps) 
each day at home 
Tick one box on each line None
1 to 5 
times
a day 
6–10
times
a day 
11–15
times
a day 
16–20
times
a day 
More
than
20
times
a day 
On a weekday 
On a weekend day 
Section B — Activity at work 
Please answer this section to describe if you have been in paid employment at any 
time during the last four weeks or you have done regular, organised voluntary work. 
5 Have you been in employment during the last four weeks?     
Tick one only Yes No 
6 During the last four weeks how many hours work did you do 
per week? 
Write in number 
If none, write ‘0’ 
Four weeks ago
Three weeks ago 
Two weeks ago 
Last week
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Phase 1 survey questionnaire 
Type of work 
7 We would like to know the type and amount of physical activity involved in your 
work. Please tick the option that best corresponds with your occupation(s) in the 
last four weeks from the following four possibilities: 
Tick one only 
1. Sedentary occupation
You spend most of your time sitting (such as in an office) 
2. Standing occupation
You spend most of your time standing or walking. However, your work does  
not require intense physical effort (e.g. shop assistant, hairdresser, guard) 
3. Manual work 
This involves some physical effort including handling of heavy objects 
and use of tools (e.g. plumber, electrician, carpenter) 
4. Heavy manual work 
This implies very vigorous physical activity including handling of very 
heavy objects (e.g. dock worker, miner, bricklayer, construction worker) 
Travel to and from work in the last four weeks 
8 What is the approximate distance from your home to your work? 
Write in miles OR km 
Write in miles OR km 
9 How many times a week did you travel from home to 
your main work? Count outward journeys only. 
Write in number 
If none, write ‘0’
10 How did you normally travel to work?
Tick one box on each line Always Usually Occasionally Never or rarely 
By car or motor vehicle 
By works or public transport 
By bicycle 
Walking
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Phase 1 survey questionnaire 
11 What is the postcode for your main place of work DURING THE LAST 4 WEEKS? 
Write in 
12 If not known  
please give your work address 
13 What is the postcode for your home address? 
Write in 
Section C — Recreation 
The following questions ask about how you spent your leisure time. 
Please indicate how often you did each activity on average over the last four weeks 
Please indicate the average length of time that you spent doing the activity on each 
occasion. 
Example: If you went walking for pleasure for 40 minutes once a week, and if you did 
weeding or pruning every fortnight and took 1 hour and 10 minutes on each occasion, you 
would complete the table below as follows: 
Please give an answer for the NUMBER OF TIMES you did the following activities in 
the past four weeks and the AVERAGE TIME you spent on each activity 
Number of times you did the activity in the last four weeks Average time 
per episode 
Please complete  
EACH line None 
Once in 
the last 
4 weeks
2 to 3 
times in 
the last 
4 weeks
Once a 
week 
2 to 3 
times
a week
4 to 5 
times
a week 
Every 
day Hours Mins
Weeding and pruning 
Walking for pleasure 
Now complete the table on pages 6 and 7 
40
1 10
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Phase 1 survey questionnaire 
14 Please give an answer for the NUMBER OF TIMES you did the following activities in 
the past four weeks and the AVERAGE TIME you spent on each activity 
Number of times you did the activity in the last four weeks Average time 
per episode 
Please complete  
EACH line None 
Once in 
the last
4
weeks 
2 to 3 
times in 
the last 
4 weeks
Once a 
week 
2 to 3 
times
a week
4 to 5 
times
a week 
Every 
day Hours Mins
Swimming — competitive 
Swimming — leisurely 
Backpacking or  
mountain climbing 
Walking for pleasure (not 
as a means of transport)
Racing or rough terrain 
cycling 
Cycling for pleasure (not 
as a means of transport)
Mowing the lawn 
Watering the lawn or 
garden 
Digging, shovelling or 
chopping wood 
Weeding or pruning 
DIY, e.g. carpentry, home 
or car maintenance 
High impact aerobics or 
step aerobics 
Other types of aerobics 
Exercise with weights 
Conditioning exercises, 
e.g. using a bike or 
rowing machine 
Floor exercises, e.g. 
stretching, bending, keep 
fit or yoga 
Dancing, e.g. ballroom or 
disco
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Phase 1 survey questionnaire 
Please give an answer for the NUMBER OF TIMES you did the following activities in 
the past four weeks and the AVERAGE TIME you spent on each activity 
Number of times you did the activity in the last four weeks Average time 
per episode 
Please complete  
EACH line None 
Once in 
the last 
4
weeks 
2 to 3 
times in 
the last 
4 weeks
Once a 
week 
2 to 3 
times
a week
4 to 5 
times
a week 
Every 
day Hours Mins
Competitive running 
Jogging 
Bowling — indoor, lawn 
or ten pin
Tennis or badminton 
Squash 
Table tennis 
Golf
Football, rugby or hockey 
Cricket
Rowing 
Netball, volleyball or 
basketball
Fishing 
Horse-riding
Snooker, billiards or darts 
Musical instrument 
playing or singing 
Ice skating 
Sailing, wind-surfing or 
boating 
Martial arts, boxing or 
wrestling 
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Phase 1 survey questionnaire 
PART 2: TRAVEL AND GENERAL QUESTIONNAIRE 
About your health 
15 Do you have any long-term illness, health problem or disability which limits your 
daily activities or the work you can do? Include problems which are due to old age.
Tick one only Yes No 
16 Do you have any difficulty walking for a quarter of a mile on the level? 
Tick one only Yes No 
17 In the PAST TWELVE MONTHS how many days were 
you off sick for health reasons?
Write in number 
If none, write ‘0’
18 How tall are you? (with your shoes off)
Write in ft in OR cm 
19 How much do you weigh? (in light indoor clothes)
Write in st lb OR kg
The next section asks for your views about your health. This information will help keep 
track of how you feel and how well you are able to do your usual activities. For each of the 
following questions, please tick the one box that best describes your answer.  
20 Overall, how would you rate your health during the PAST FOUR WEEKS?
Excellent Very good Good Fair Poor Very poor 
21 During the PAST FOUR WEEKS, how much did physical health problems limit your 
usual physical activities (such as walking or climbing stairs)?
Not at all Very little Somewhat Quite a lot 
Could not do 
physical activities 
22 During the PAST FOUR WEEKS, how much difficulty did you have doing your daily 
work, both at home and away from home, because of your physical health?
None at all A little bit Some Quite a lot 
Could not do  
daily work 
Version 1.2, 9 March 2009 
APPENDIX 1
NIHR Journals Library www.journalslibrary.nihr.ac.uk
108
Phase 1 survey questionnaire 
23 How much BODILY pain have you had during the PAST FOUR WEEKS?
None Very mild Mild Moderate Severe Very severe 
24 During the PAST FOUR WEEKS, how much energy did you have?
Very much Quite a lot Some A little None
25 During the PAST FOUR WEEKS, how much did your physical health or emotional 
problems limit your usual social activities with family or friends?
Not at all Very little Somewhat Quite a lot 
Could not do  
social activities 
26 During the PAST FOUR WEEKS, how much have you been bothered by emotional 
problems (such as feeling anxious, depressed or irritable)?
Not at all Slightly Moderately Quite a lot Extremely
27 During the PAST FOUR WEEKS, how much did personal or emotional problems 
keep you from doing your usual work, school or other daily activities?
Not at all Very little Somewhat Quite a lot 
Could not do  
daily activities 
SF-8™ 4-Week Recall Version — © 1999-2001 — QualityMetric, Inc. — All rights reserved 
About your travel options 
28 How many cars or vans are owned, or available for 
use, by members of your household?
Do not include motorcycles, scooters or mopeds. 
Write in number 
If none, write ‘0’
29 Do you hold a full driving licence valid in Great Britain either to drive a car or 
to drive a motorcycle, scooter or moped? 
Tick one only Yes No
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Phase 1 survey questionnaire 
Version 1.2, 9 March 2009 
30 Do you have access to car parking at your place of work? This includes parking 
anywhere on the site, for example in a multi-storey car park. It does not include parking on 
the streets nearby or at a park-and-ride.
Tick one only 
Yes, and I have to pay to park there 
Yes, and I do not have to pay to park there 
No
31 Do you ever travel by car for part or all of the journey to or from work? 
This includes as a passenger in a car driven by someone else.
Tick one only Yes Go to Q. 32 No Go to Q. 34
Thinking about the car you are most likely to use to travel to and from work: 
32 What type of fuel does the car use? Tick one only 
Petrol
Diesel
Hybrid or other 
33 What is the engine size of the car?
Write in cc OR litres
34 Do you have access to a bicycle? 
Tick one only Yes No
35 Do you ever cycle part or all of the journey to or from work? 
This includes cycling to or from a bus stop, railway station or park-and-ride. 
Tick one only Yes Go to Q. 36 No Go to Q. 37
36 How long does the cycling part of the journey  
usually take? minutes each way
37 Do you ever walk part or all of the journey to or from work? 
This includes walking to or from a bus stop, railway station or park-and-ride.
Tick one only Yes Go to Q. 38 No Go to Q. 39
38 How long does the walking part of the journey 
usually take? minutes each way
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Phase 1 survey questionnaire 
About your views on travelling to and from work 
For each of the following statements about your journey to and from work, please 
tick one box to show how strongly you agree or disagree.
Tick one per row 
41 On my journey to and from work: 
Strongly
agree Agree
Neither 
agree  
nor
disagree Disagree
Strongly
disagree
It is pleasant to walk
The roads are dangerous for cyclists
There is convenient public transport
There are convenient routes for cycling
There is little traffic
There are no convenient routes for walking
It is safe to cross the road
42 For me, to get to and from work  
next time: 
Overall, it would be good to use a car
Most people who are important to me 
would support my using a car 
It would be easy for me to use a car 
I intend to use a car 
It would be pleasant to use a car
Most people who are important to me 
think I should use a car 
I would be able to use a car 
I am likely to use a car 
Version 1.2, 9 March 2009 
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Phase 1 survey questionnaire 
For each of the following statements about your journey to and from work, please 
tick one box to show how strongly you agree or disagree.
Tick one per row 
43 Using a car to get to and from work  
is something: 
Strongly
agree Agree
Neither 
agree  
nor
disagree Disagree
Strongly
disagree
I do frequently
I do automatically
that would require effort not to do
that belongs to my daily routine
I would find hard not to do
that’s typically ‘me’
I have been doing for a long time
About you and your household 
44 Are you male or female? Tick one only Male Female
45 What is your date of birth? Write in 
date month year
46 What is your highest educational qualification?  
Tick one only 
Degree, NVQ4, NVQ5 or equivalent 
BTEC (Higher), BEC (Higher), TEC (Higher), HNC, HND or equivalent 
GCE ‘A’ Level, NVQ3, Scottish Higher or equivalent  
BTEC (National), TEC (National), BEC (National), ONC, OND or equivalent 
GCSE Grades A to C, GCSE ‘O’ Level, CSE Grade 1, NVQ2 or equivalent 
Other qualifications
No formal qualifications 
Version 1.2, 9 March 2009 
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Phase 1 survey questionnaire 
Version 1.2, 9 March 2009 
47 How many other people live in your household?  
We mean people who have your accommodation as their only or main residence, and who 
either share at least one meal a day with you or share the living accommodation (living 
room or sitting room) with you. 
Write in number 
If none, write ‘0’ 
Children aged under 5 
Children aged between 5 and 15 
Adults aged 16 and over (do not include yourself) 
48 Does your household own or rent its accommodation? 
Tick one only 
Rents it from the council, a housing association, or a charity 
Rents it from a private landlord or letting agency 
Partly owns it and partly rents it (shared ownership) 
Owns it (including buying with a mortgage) 
Other
Finally 
49 Please enter today’s date. Write in 09
day of the week date month 
THANK YOU VERY MUCH FOR TAKING PART IN THIS STUDY 
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Appendix 2 Core questionnaire 2012
Phase 4 survey questionnaire  
Version 1.1, 2 April 2012   
 
 
 
 
Commuting and health in Cambridge 
Questionnaire 2012 
 
 
About this questionnaire 
This questionnaire booklet has two parts. 
 
Part 1 is a Recent Physical Activity Questionnaire. This is designed to find out about your 
physical activity in your everyday life during the last four weeks. It is divided into three sections: 
 
• Section A asks about your physical activity patterns in and around the house 
• Section B asks about your travel to work and your activity at work  
• Section C asks about your recreational activities. 
 
Part 2 is a travel and general questionnaire. This is designed to find out about your general 
health, your travel patterns, your views, and some background information about yourself. 
YOUR ANSWERS WILL BE TREATED AS STRICTLY CONFIDENTIAL 
How to complete the questionnaire 
The questionnaire should take about 20 minutes to complete. Please try to answer every 
question. Please use a blue or black pen.  
 
Some questions ask you to tick a box. Please tick the box that applies to you. 
Example:    Are you male or female?  Male  Female  
 
Other questions ask you to write numbers in a box. 
Example:    What is your age? Write in  years 
 
Don’t worry if you make a mistake — just cross out the mistake and put in the correct answer. 
Example:    Do you have access to a bicycle? Yes  No  
 
53 
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Phase 4 survey questionnaire  
 
Version 1.1, 2 April 2012  
 
PART 1: RECENT PHYSICAL ACTIVITY QUESTIONNAIRE 
 
Section A — Home activities 
Getting about 
1 Which form of transport have you used most often in the last 
four weeks apart from your journey to and from work? Tick one only 
 Car / motor vehicle  
 Walking  
 Public transport  
 Cycling  
TV, DVD or video viewing 
  Average over the last four weeks 
2 
 
 
 
Hours of TV, DVD or video watched 
per day 
 
Tick one box on each line None 
Less 
than 1 
hour a 
day 
1 to 2 
hours 
a day 
2 to 3 
hours 
a day 
3 to 4 
hours 
a day 
More 
than 4 
hours 
a day 
 On a weekday before 6 pm       
 On a weekday after 6 pm       
 On a weekend day before 6 pm       
 On a weekend day after 6 pm       
Computer use at home but not at work  
(e.g. internet, email, Playstation, Xbox, Gameboy, etc.) 
  Average over the last four weeks 
3 
 
 
 
Hours of home computer use  
per day  
 
Tick one box on each line None 
Less 
than  
1 hour 
a day 
1 to 2 
hours 
a day 
2 to 3 
hours 
a day 
3 to 4 
hours 
a day 
More 
than 4 
hours 
a day 
 On a weekday before 6 pm       
 On a weekday after 6 pm       
 On a weekend day before 6 pm       
 On a weekend day after 6 pm       
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Version 1.1, 2 April 2012   
 
Stair climbing at home 
  Average over the last four weeks 
4 
 
 
 
 
Number of times you climbed up a 
flight of stairs (approx. 10 steps) 
each day at home 
  
Tick one box on each line None 
1 to 5 
times 
a day 
6–10 
times 
a day 
11–15 
times 
a day 
16–20 
times 
a day 
More 
than 
20 
times 
a day 
 On a weekday       
 On a weekend day       
Section B — Activity at work 
 Please answer this section to describe if you have been in paid employment at any 
time during the last four weeks or you have done regular, organised voluntary work. 
5 Have you been in employment during the last four weeks?     
  Tick one only Yes  No  
6 During the last four weeks how many hours work did you do 
per week? 
Write in number 
If none, write ‘0’ 
 Four weeks ago  
 Three weeks ago  
 Two weeks ago  
 Last week  
DOI: 10.3310/phr04010 PUBLIC HEALTH RESEARCH 2016 VOL. 4 NO. 1
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Ogilvie et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.
119
Phase 4 survey questionnaire  
 
Version 1.1, 2 April 2012  
 
Type of work 
7 We would like to know the type and amount of physical activity involved in your 
work. Please tick the option that best corresponds with your occupation(s) in the 
last four weeks from the following four possibilities: 
  Tick one only 
 Sedentary occupation 
You spend most of your time sitting (such as in an office) 
 
 Standing occupation 
You spend most of your time standing or walking. However, your work does  
not require intense physical effort (e.g. shop assistant, hairdresser, guard) 
 
 Manual work 
This involves some physical effort including handling of heavy objects 
and use of tools (e.g. plumber, electrician, carpenter) 
 
 Heavy manual work 
This implies very vigorous physical activity including handling of very 
heavy objects (e.g. dock worker, miner, bricklayer, construction worker) 
 
Travel to and from work in the last four weeks 
8 What is the approximate distance from your home to your work? 
 Write in  miles         OR  km 
9 How many times a week did you travel from home to 
your main work? Count outward journeys only. 
Write in number 
If none, write ‘0’ 
 
10 How did you normally travel to work? 
 Tick one box on each line Always Usually Occasionally Never or rarely 
 By car or motor vehicle     
 By works or public transport     
 By bicycle     
 Walking     
 Please give the full postal address and postcode of your main place of work 
DURING THE LAST FOUR WEEKS 
11 Postal address 
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12 Postcode  
 Please give the full postal address and postcode of your home 
13 Postal address 
 
 
 
 
 
 
14 Postcode 
 
 
 
Section C — Recreation 
 The following questions ask about how you spent your leisure time. 
 
Please indicate how often you did each activity on average over the last four weeks 
 
Please indicate the average length of time that you spent doing the activity on each 
occasion. 
 
Example: If you went walking for pleasure for 40 minutes once a week, and if you did 
weeding or pruning every fortnight and took 1 hour and 10 minutes on each occasion, you 
would complete the table below as follows: 
 
Please give an answer for the NUMBER OF TIMES you did the following activities in 
the past four weeks and the AVERAGE TIME you spent on each activity 
  Number of times you did the activity in the last four weeks Average time 
per episode 
 
Please complete  
EACH line None 
Once in 
the last  
4 weeks 
2 to 3 
times in 
the last  
4 weeks 
Once a 
week 
2 to 3 
times  
a week 
4 to 5 
times  
a week 
Every 
day Hours Mins 
 Weeding and pruning  
        
 Walking for pleasure  
        
 Now complete the table on pages 6 and 7 
 40  
 10 1 
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Version 1.1, 2 April 2012  
 
15 Please give an answer for the NUMBER OF TIMES you did the following activities in 
the past four weeks and the AVERAGE TIME you spent on each activity 
  Number of times you did the activity in the last four weeks Average time 
per episode 
 
Please complete  
EACH line None 
Once in 
the last 
4 
weeks 
2 to 3 
times in 
the last  
4 weeks 
Once a 
week 
2 to 3 
times  
a week 
4 to 5 
times  
a week 
Every 
day Hours Mins 
 Swimming — competitive  
        
 Swimming — leisurely  
        
 Backpacking or  
mountain climbing  
        
 Walking for pleasure (not 
as a means of transport)  
        
 Racing or rough terrain 
cycling  
        
 Cycling for pleasure (not 
as a means of transport)  
        
 Mowing the lawn  
        
 Watering the lawn or 
garden  
        
 Digging, shovelling or 
chopping wood  
        
 Weeding or pruning 
  
        
 DIY, e.g. carpentry, home 
or car maintenance  
        
 High impact aerobics or 
step aerobics  
        
 Other types of aerobics  
        
 Exercise with weights  
        
 Conditioning exercises, 
e.g. using a bike or 
rowing machine 
 
        
 Floor exercises, e.g. 
stretching, bending, keep 
fit or yoga 
 
        
 Dancing, e.g. ballroom or 
disco  
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 Please give an answer for the NUMBER OF TIMES you did the following activities in 
the past four weeks and the AVERAGE TIME you spent on each activity 
  Number of times you did the activity in the last four weeks Average time 
per episode 
 
Please complete  
EACH line None 
Once in 
the last  
4 
weeks 
2 to 3 
times in 
the last  
4 weeks 
Once a 
week 
2 to 3 
times  
a week 
4 to 5 
times  
a week 
Every 
day Hours Mins 
 Competitive running 
 
        
 Jogging 
 
        
 Bowling — indoor, lawn 
or ten pin  
        
 Tennis or badminton 
 
        
 Squash 
 
        
 Table tennis 
 
        
 Golf 
 
        
 Football, rugby or hockey 
 
        
 Cricket 
 
        
 Rowing 
 
        
 Netball, volleyball or 
basketball  
        
 Fishing 
 
        
 Horse-riding 
 
        
 Snooker, billiards or darts 
 
        
 Musical instrument 
playing or singing  
        
 Ice skating 
 
        
 Sailing, wind-surfing or 
boating  
        
 Martial arts, boxing or 
wrestling  
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Phase 4 survey questionnaire  
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PART 2: TRAVEL AND GENERAL QUESTIONNAIRE 
 
About your health 
16 Do you have any long-term illness, health problem or disability which limits your 
daily activities or the work you can do? Include problems which are due to old age. 
  Tick one only Yes  No  
17 Do you have any difficulty walking for a quarter of a mile on the level? 
  Tick one only Yes  No  
18 In the PAST TWELVE MONTHS how many days were 
you off sick for health reasons? 
Write in number 
If none, write ‘0’ 
 
19 How tall are you? (with your shoes off) 
 Write in  ft in         OR  cm 
20 How much do you weigh? (in light indoor clothes) 
 Write in  st lb         OR  kg 
 The next section asks for your views about your health. This information will help keep 
track of how you feel and how well you are able to do your usual activities. For each of the 
following questions, please tick the one box that best describes your answer.  
21 Overall, how would you rate your health during the PAST FOUR WEEKS? 
 Excellent Very good Good Fair Poor Very poor 
       
22 During the PAST FOUR WEEKS, how much did physical health problems limit your 
usual physical activities (such as walking or climbing stairs)? 
 Not at all Very little Somewhat Quite a lot 
Could not do 
physical activities 
      
23 During the PAST FOUR WEEKS, how much difficulty did you have doing your daily 
work, both at home and away from home, because of your physical health? 
 None at all A little bit Some Quite a lot 
Could not do  
daily work 
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24 How much BODILY pain have you had during the PAST FOUR WEEKS? 
 None Very mild Mild Moderate Severe Very severe 
       
25 During the PAST FOUR WEEKS, how much energy did you have? 
 Very much Quite a lot Some A little None 
      
26 During the PAST FOUR WEEKS, how much did your physical health or emotional 
problems limit your usual social activities with family or friends? 
 Not at all Very little Somewhat Quite a lot 
Could not do  
social activities 
      
27 During the PAST FOUR WEEKS, how much have you been bothered by emotional 
problems (such as feeling anxious, depressed or irritable)? 
 Not at all Slightly Moderately Quite a lot Extremely 
      
28 During the PAST FOUR WEEKS, how much did personal or emotional problems 
keep you from doing your usual work, school or other daily activities? 
 Not at all Very little Somewhat Quite a lot 
Could not do  
daily activities 
      
 SF-8™ 4-Week Recall Version — © 1999-2001 — QualityMetric, Inc. — All rights reserved 
29 How would you describe yourself? Tick one only 
I am a current smoker  
I am an ex-smoker  
I have never smoked  
30 How often do you have a drink containing alcohol? Tick one only 
 Never  
 Monthly or less  
 2 to 4 times a month  
 2 to 3 times a week  
 4 or more times a week  
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31 How many drinks containing alcohol do you have on a typical day 
when you are drinking? 
Tick one only  
 1 to 2  
 3 to 4  
 5 to 6  
    7, 8 or 9  
 10 or more  
32 Have you been injured in a road accident in the PAST THREE YEARS? Please include 
incidents where you were in a vehicle, on a bicycle or motorbike, or a pedestrian. 
  Tick one only Yes  Go to Q. 33 No  Go to Q. 35 
33 Thinking about the most recent incident in which you were injured, 
were you..?  Tick one only 
 The driver of a vehicle  
 A passenger in a car or van  
 A passenger on public transport  
 A motorcyclist  
 A cyclist  
 A pedestrian  
34 Did you receive any medical attention as a result of your injuries at 
any time following the incident? 
Tick all that      
   apply 
 No medical attention received  
 Yes – first aid at the roadside  
 Yes – at a doctor’s surgery or minor injuries unit  
 Yes – at a hospital Accident & Emergency department  
 Yes – as an inpatient staying overnight in hospital  
About your travel options 
35 How many cars or vans are owned, or available for 
use, by members of your household?  
Do not include motorcycles, scooters or mopeds. 
Write in number 
If none, write ‘0’ 
 
36 Do you hold a full driving licence valid in Great Britain either to drive a car or 
to drive a motorcycle, scooter or moped? 
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  Tick one only Yes  No  
37 Do you have access to car parking at your place of work? This includes parking 
anywhere on the site, for example in a multi-storey car park. It does not include parking on 
the streets nearby or at a park-and-ride. 
  Tick one only 
 Yes, and I have to pay to park there  
 Yes, and I do not have to pay to park there  
 No  
38 Do you ever travel by car for part or all of the journey to or from work? 
This includes as a passenger in a car driven by someone else. 
  Tick one only Yes  Go to Q. 39 No  Go to Q. 42 
39 When you use a car for the journey to or from work, is the car usually parked at a 
park-and-ride site? 
  Tick one only Yes   No   
 Thinking about the car you are most likely to use to travel to and from work: 
40 What type of fuel does the car use? Tick one only 
 Petrol  
 Diesel  
 Hybrid or other  
41 What is the engine size of the car? 
 Write in  cc         OR  litres 
42 Do you have access to a bicycle? 
 Tick one only Yes  No  
43 Do you know how to ride a bicycle? 
  Tick one only Yes  Go to Q.44  No  Go to Q.48  
 44 How old were you when you learned to ride a bicycle? Write in age years 
45 How old were you when you first used a bicycle regularly to get to places? 
 Write in age  years   OR  Tick            I have never used a bicycle to get to places 
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46 Do you ever cycle part or all of the journey to or from work? 
This includes cycling to or from a bus stop, railway station or park-and-ride. 
  Tick one only Yes  Go to Q. 47 No  Go to Q. 48 
47 How long does the cycling part of the journey  
usually take? 
 minutes each way 
48 Do you ever walk part or all of the journey to or from work? 
This includes walking to or from a bus stop, railway station or park-and-ride. 
  Tick one only Yes  Go to Q. 49 No  Go to Q. 50 
49 How long does the walking part of the journey 
usually take? 
 minutes each way 
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Phase 4 survey questionnaire 
 
Version 1.1, 2 April 2012   
About your workplace 
  Tick one per row 
52 Does your workplace have the following? Yes No 
Don’t 
know 
 Parking stands or racks for bicycles    
 Somewhere to store waterproof clothing or cycle helmets     
 Changing rooms    
 Adult cycle training    
 A ‘bicycle users’ group    
 A ‘walk to work’ or ‘bike to work’ day or week     
 
A cycle to work scheme  
(An employer scheme to loan bicycles and cyclists’ safety equipment  
to employees as a tax-free benefit, e.g. CycleScheme) 
   
 
A travel plan  
(A formal document which identifies ways of encouraging more employees 
to walk, cycle or use public transport to get to work) 
   
 
 For each of the following statements, please tick one box to show how strongly you 
agree or disagree.  
  Tick one per row 
53 At my workplace: 
Strongly  
agree Agree 
Neither 
agree  
nor 
disagree Disagree 
Strongly 
disagree 
 Many of my colleagues WALK  all or part of the way to and from work  
     
 Many of my colleagues CYCLE all or part of the way to and from work 
     
Many of my colleagues DRIVE  
to and from work 
     
Members of senior management WALK OR 
CYCLE all or part of the way to and from work 
     
Members of senior management DRIVE 
 to and from work 
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About your views on travelling to and from work 
 For each of the following statements about your journey to and from work, please 
tick one box to show how strongly you agree or disagree.  
  Tick one per row 
54 On my journey to and from work: 
Strongly  
agree Agree 
Neither 
agree  
nor 
disagree Disagree 
Strongly 
disagree 
 It is pleasant to walk      
 The roads are dangerous for cyclists      
 There is convenient public transport      
 There are convenient routes for cycling      
 There is little traffic      
There are no convenient routes for walking      
 It is safe to cross the road      
55 
 
For me, to get to and from work  
next time:      
 Overall, it would be good to USE A CAR      
 Most people who are important to me would support my USING A CAR  
     
 It would be easy for me to USE A CAR      
 I intend to USE A CAR      
 It would be pleasant to USE A CAR      
 Most people who are important to me think I should USE A CAR 
     
 I would be able to USE A CAR      
 I am likely to USE A CAR      
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 For each of the following statements about your journey to and from work, please 
tick one box to show how strongly you agree or disagree.  
  Tick one per row 
56 
 
USING A CAR to get to and from work  
is something: 
Strongly  
agree Agree 
Neither 
agree  
nor 
disagree Disagree 
Strongly 
disagree 
 I do frequently      
 I do automatically      
 that would require effort not to do      
 that belongs to my daily routine      
 I would find hard not to do      
 that’s typically ‘me’      
 I have been doing for a long time      
57 For me, to get to and from work  next time:  
 Overall, it would be good to WALK      
 Most people who are important to me would support me WALKING 
     
 It would be easy for me to WALK      
 I intend to WALK      
 It would be pleasant to WALK      
 Most people who are important to me think I should WALK 
     
 I would be able to WALK      
 I am likely to WALK      
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 For each of the following statements about your journey to and from work, please 
tick one box to show how strongly you agree or disagree. 
  Tick one per row 
58 
For me, to get to and from work  
next time: 
Strongly  
agree Agree 
Neither 
agree  
nor 
disagree Disagree 
Strongly 
disagree 
 Overall, it would be good to CYCLE      
 Most people who are important to me would support me CYCLING 
     
 It would be easy for me to CYCLE      
 I intend to CYCLE      
 It would be pleasant to CYCLE      
 Most people who are important to me think I should CYCLE 
     
 I would be able to CYCLE      
 I am likely to CYCLE      
 
About your views on bus travel 
59 Overall, how would you rate the quality of local bus services? 
 Very good Fairly good 
Neither good  
nor poor Fairly poor Very poor 
      
 The Cambridgeshire Guided Busway is a new transport project in the Cambridge 
area. 
60 Had you previously heard of the Cambridgeshire Guided Busway? 
  Tick one only Yes  Go to Q.61 No  Go to Q. 70 
61 Have you travelled on a guided bus in Cambridgeshire? 
  Tick one only Yes  Go to Q. 63 No  Go to Q. 62  
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62 What are your reasons for not using the guided bus service? 
Please give up to three reasons. 
  
  
  
 If you have not used the guided bus service, please go to Q. 67 
63 How many and what types of journey have you made using the guided bus service 
in the last month? 
  
Number of 
trips in the 
last month 
If you have used the guided bus service for these 
trips in the last month, how would you have made them 
if there were no guided bus service?  
Tick all that apply 
  
By bus 
or 
coach By car On foot 
By 
bicycle 
By 
another 
mode of 
transport 
I would 
not have 
made 
this type 
of trip 
 Shopping        
 To or from work        
To or from school, college 
or university (including 
accompanying children)  
       
 On business        
 Visiting friends or 
relatives 
       
 On personal business  
(e.g. to the dentist) 
       
 On holiday, days out 
or other leisure trips 
       
 Other        
64 What do you LIKE about the guided bus service? Please give up to three answers. 
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65 What do you DISLIKE about the guided bus service? Please give up to three answers. 
  
  
  
66 How has use of the guided bus service affected the AMOUNT you walk, cycle or use 
the car or bus? Please tick the appropriate box for each mode of transport. 
  
I now … 
MORE than 
before 
The SAME 
as before 
LESS than 
before 
 Use the bus (including the guided bus)    
 Use the car    
 Walk    
 Cycle    
 If you have answered ‘MORE than before’ or ‘LESS than before’ for any of the modes of 
transport, please briefly state the main reasons why. 
  
  
  
67 Have you walked or cycled along any part of the footpath or cycle 
path beside the guided busway?  
Tick all that apply 
 Yes – I have walked beside the busway  
 Yes – I have cycled beside the busway  
 No – I have not walked or cycled along the paths beside the busway at all  
 If you have not used the footpath or cycle path, please go to Q. 69 
 
68 How has use of the footpath or cycle path affected the AMOUNT you walk, cycle or 
use the car or bus? Please tick the appropriate box for each mode of transport. 
 
I now …      
MORE than 
before 
The SAME 
as before 
LESS than 
before 
Use the bus (including the guided bus)    
Use the car    
Walk    
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Cycle    
 If you have answered ‘MORE than before’ or ‘LESS than before’ for any of the modes of 
transport, please briefly state the main reasons why. 
  
  
  
69 For each of the following statements, please tick one box to show how strongly you 
agree or disagree.  
  Tick one per row 
 
 
 The guided busway has improved: 
Strongly  
agree Agree 
Neither 
agree  
nor 
disagree Disagree 
Strongly 
disagree 
 The range of transport options available      
 The regularity of transport services      
 The reliability of transport services      
 Access to local services       
 Local air quality      
 Noise in the local area      
 The quality of footpaths and cycle paths      
 The behaviour of other passengers      
 Your personal safety when travelling      
 The cost of travel      
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About your personal views 
70 For each of the following statements, please tick one box to show how strongly you 
agree or disagree.  
  Tick one per row 
 
  
Strongly  
agree Agree 
Neither 
agree  
nor 
disagree Disagree 
Strongly 
disagree 
I am trying to use the car less for environmental 
reasons 
 
    
Unless I can get to a leisure destination by car,  
I would not go at all 
     
Reducing my car use will not make a difference to 
congestion problems because most people will not 
reduce theirs 
 
    
There are many problems and difficulties  
with using public transport  
     
I would be willing to pay higher taxes for car use  
if I knew the revenue would be used  
to improve public transport 
 
    
It is important to build more roads  
to reduce congestion 
     
Being environmentally responsible is important  
to me as a person 
     
The balance of nature is very delicate  
and easy to upset by human activities 
     
Environmental threats such as global warming  
and deforestation have been over exaggerated 
     
 I often buy organic food      
 I often attend meetings organised by  an environmental group or charity 
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Version 1.1, 2 April 2012   
 Children aged under 5  
 Children aged between 5 and 15  
 Adults aged 16 and over (do not include yourself)  
74 Does your household own or rent its accommodation? Tick one only 
 Rents it from the council, a housing association, or a charity  
 Rents it from a private landlord or letting agency  
 Partly owns it and partly rents it (shared ownership)  
 Owns it (including buying with a mortgage)  
 Other  
 We are interested in any changes in your household circumstances that may have 
affected where and when you travel. 
75 Have any of the following occurred IN THE LAST YEAR? Tick all that apply 
 You or your partner are now expecting a baby  
 You or your partner have had a baby  
 You have been promoted or taken on significant extra responsibilities at work  
 One or more of your children have started school or moved to a different school  
 You have become a carer for a family member  
 Your household income has increased   
 Your household income has decreased  
 Other (please specify)  
   
About you and your household 
71 Are you a student in full time education? 
  Tick one only Yes    No   
72 How long have you lived in the Cambridge area?  
        EITHER tick  All my life  OR write in Since the age of                  years 
73 How many other people live in your household?  
We mean people who have your accommodation as their only or main residence, and who either 
share at least one meal a day with you or share the living accommodation (living room or sitting 
room) with you. 
Write in number 
 If none write 0 
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Phase 4 survey questionnaire 
 
Version 1.1, 2 April 2012   
76 On a scale of 1 to 10, how important was the cost of housing in 
determining your choice of neighbourhood to live in?  
Please circle a number 
 
 
 
 Did not consider cost at all  Cost was the only consideration
 1 2 3 4 5 6 7 8 9 10 
77 Please think back to what kind of neighbourhood you were hoping to find when you 
moved to your current address and rank up to three of the considerations below in 
order of preference.  
 For example, if low crime was most important, score this (1), followed by 
local schools (2) and housing quality (3) Rank up to  three factors 
 Low crime  
 Access to shops and services  
 Visual characteristics of the neighbourhood  
 Access to public transport links (trains, buses)  
 Access to main roads  
 Length of commute for yourself  
 Length of commute for other adult(s) in household  
 Housing quality  
 Characteristics of neighbourhood residents  
 Local schools  
 Familiarity with neighbourhood  
 Child’s commute to school  
 Near family or friends  
 Other (please specify)   
   
  
Finally 
78 Please enter today’s date. Write in      12 
   day of the week date  month   
THANK YOU VERY MUCH FOR TAKING PART IN THIS STUDY 
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Appendix 3 Household travel diary
Only the instructions, preliminary questions and example daily diary page are reproduced here.
Version 1.2, 31 March 2010  
Commuting and health in Cambridge 
Household travel diary 2010 
 
About this travel diary 
 
This booklet has two parts. 
 
Part 1 asks for basic details of all the members of your household and all the cars and vans belonging to your 
household. By ‘household’ we mean all the adults and children who have your accommodation as their only or 
main residence, and who either share at least one meal a day with you or share the living accommodation (living 
room or sitting room) with you. Visitors do not count as members of your household.  
 
Part 2 asks you to record a diary of all the journeys the members of your household make over the course of a 
week. 
 
YOUR ANSWERS WILL BE TREATED AS STRICTLY CONFIDENTIAL 
 
How to complete the diary 
 
You can fill in Part 1 at any time prior to starting the travel diary. 
 
Please start filling in Part 2 on the date given in the letter in your survey pack and try to keep it up to date 
each day. You may prefer to carry the diary with you and note down your journeys as you go along, or you may 
prefer to fill in the diary each evening while the day’s activities are fresh in your memory. Please do not wait until 
the end of the week to fill it in. 
 
Please read the notes on page 5 before you start filling in the diary. The diary is laid out one day at a time. For 
each day (numbered 1 to 7), we have given you one page for each member of the household (labelled A to F). You 
can choose to fill in the diary for each member of the household yourself, to ask them to fill in their own pages, or to 
do it together. You are welcome to involve children in filling in the diary, but please make sure that all entries are 
clearly written in blue or black pen and are accurate to the best of your knowledge. 
 
We are interested in all modes of transport: walking and cycling as well as cars and public transport. Use a new 
line for each journey (e.g. to go to work, to go home). From column F onwards use a new line for each mode of 
transport you used for each stage of your journey (e.g. car, train, bus, walking). 
 
Even if you live on your own, you can still complete the household travel diary.  
 
If there are more than six people in your household, we can supply extra pages for your travel diary. Please 
contact us as soon as possible if this is the case. 
 
If you are not sure what to do, if you are unable to start the diary on the date given in your letter, or if you have 
any other problems with the diary, please do not hesitate to contact the study office by email at 
commutingstudy@mrc-epid.cam.ac.uk or by telephone on 0800 917 3319. We know that diaries like this can be 
confusing, so we are keen to help you if you have any questions or problems. 
 
 
THANK YOU VERY MUCH FOR TAKING PART IN THIS STUDY 
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Version 1.2, 31 March 2010  
Part 1 
About your household 
 
1   Please list the members of your household 
 
Each day of the travel diary includes a separate page for up to six members of the household. Please list all the 
members of your household in the table below. We have given you an example in the first row. This will enable us 
to work out which person is which in the travel diary.  
 
When you come to fill in the travel diary, please make sure that the same person uses the same code letter (A to F) 
every day. 
 
Code number First name* Male or female Age in years 
Example    
 
A 
 
 
John 
 
 
Male 
 
 
35 
 
 
A 
 
   
 
B 
 
   
 
C 
 
   
 
D 
 
   
 
E 
 
   
 
F 
 
   
 
*We do not need to know the names of the people. This column is included just for your convenience, for example to help you 
remember that John should be filling in the diary pages labelled A. You do not have to tell us the names if you do not want to. 
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Version 1.2, 31 March 2010  
2   Please list the cars and vans used by members of your household 
 
Please tell us about the cars and vans used by members of your household. This may include company cars and 
vans, or vehicles belonging to other people that you use regularly (for example if someone gives you a lift to work 
or takes your children to school). 
 
For each vehicle, if you know the VED (road tax) band, you can just enter that. If you do not know the VED (road 
tax) band, please enter the fuel type, engine size and age of the vehicle. If you are not sure about these (for 
example if the vehicle belongs to someone else), please enter your best estimates. We have given you an example 
in the first row. 
 
When you come to fill in the travel diary, you need to write down which motor vehicle was used for each journey. 
You should use the code number from this table to identify each vehicle. 
 
Code 
number 
Vehicle 
name* 
Road tax 
(VED) band 
if known  
(A to M) 
Fuel type Engine size Age 
in 
years 
Example     
1 Toyota C 
[ ] Petrol 
[   ] Diesel 
[   ] Hybrid or other 
[ ] Less than 1.4 litres 
[   ] 1.4 to 2.0 litres 
[   ] More than 2.0 litres 
3 
1 
  [   ] Petrol 
[   ] Diesel 
[   ] Hybrid or other 
[   ] Less than 1.4 litres 
[   ] 1.4 to 2.0 litres 
[   ] More than 2.0 litres 
 
2 
  [   ] Petrol 
[   ] Diesel 
[   ] Hybrid or other 
[   ] Less than 1.4 litres 
[   ] 1.4 to 2.0 litres 
[   ] More than 2.0 litres 
 
3 
  [   ] Petrol 
[   ] Diesel 
[   ] Hybrid or other 
[   ] Less than 1.4 litres 
[   ] 1.4 to 2.0 litres 
[   ] More than 2.0 litres 
 
4 
  [   ] Petrol 
[   ] Diesel 
[   ] Hybrid or other 
[   ] Less than 1.4 litres 
[   ] 1.4 to 2.0 litres 
[   ] More than 2.0 litres 
 
5 
  [   ] Petrol 
[   ] Diesel 
[   ] Hybrid or other 
[   ] Less than 1.4 litres 
[   ] 1.4 to 2.0 litres 
[   ] More than 2.0 litres 
 
6 
  [   ] Petrol 
[   ] Diesel 
[   ] Hybrid or other 
[   ] Less than 1.4 litres 
[   ] 1.4 to 2.0 litres 
[   ] More than 2.0 litres 
 
 
*We do not need to know the exact make or model of the vehicle. This column is included just for your 
convenience, for example to help you remember that ‘Vehicle 1’ refers to your Toyota. You can use this column to 
describe the vehicles in whatever way is most helpful to you, e.g. ‘Toyota’, ‘estate’, ‘red car’, etc. You do not have 
to enter anything in this column if you do not want to. 
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Appendix 4 Intercept survey
Cambridgeshire Guided Busway User Survey 
Version 1.1, 28th June 2012
Interviewer observations 
Site number 
Site name     
Interview Number Your initials   
Day (please circle) 
Date 12 ,
Time survey started                    : 
Is the respondent…? Male Female   
What is the respondent doing? Please tick only one
Waiting for or getting off a bus
Walking 
Cycling 
Running/Jogging  
Horse Riding 
Other  
Number of adults in the group 
Number of children in the group
About your current journey 
Q1 What is the purpose of your current journey?
Shopping
To or from work
To or from school, college or university 
(including accompanying children) 
On business
Visiting friends or relatives 
On personal business (e.g. to the dentist) 
On holiday, days out or other leisure trips
Other (Please specify)
Q2 Where did you start your journey today?
 Postcode 
 OR 
Location or street name and town 
_______________________________________
Tick if that location is your: 
Home Workplace Neither 
Q3 Where will you finish your journey today? 
Postcode
OR 
Location or street name and town 
___________________________________________
Tick if that location is your: 
Home          Workplace      Neither 
Q4 Will you go anywhere on your way to your final 
destination on this journey? 
      I am not going anywhere else on the way 
Postcode
OR 
Location or street name and town 
___________________________________________
What type of destination is this? 
(Show card A)
Letter 
Q5 Approximately how far do you estimate you will 
travel on this journey? Please complete only one box
     Miles 
   Kilometres 
Q6 Approximately how long do you estimate your 
journey will take?
         hours   mins 
Q7 Did you or will you use any other mode of 
transport as part of this journey today?
No 
         
             Go to Q. 9       Yes
               
              Go to Q. 8
Q8 What modes did or will you use and how long will 
you have travelled for by each mode on this 
journey? 
                     Tick Time 
Walking   hours              mins 
Cycling hours              mins 
Bus hours              mins 
Train hours              mins 
Car hours              mins 
Another mode(s) 
of transport hours
             mins 
Please specify   
  
TOTAL hours              mins 
Q9 How often have you made this journey in the last 
month? 
times in the last month 
M   T  W  T  F S S
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Cambridgeshire Guided Busway User Survey 
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About the Busway 
If respondent is USING THE PATH: 
Q10 How has the use of the footpath beside the guided 
busway affected the AMOUNT you walk, cycle or 
use the car or bus? Please tick the appropriate box 
for each mode of transport
I now… 
MORE  
than before
The SAME 
as before 
LESS than 
before 
Use the bus 
(including the 
guided bus) 
   
Use the car 
   
Walk 
   
Cycle 
   
Q11 Have you travelled on the guided bus? 
 No             Go to Q16  Yes             Go to Q12
Q12 How has the use of the guided bus service 
affected the AMOUNT you walk, cycle or use the 
car or bus? Please tick one box per row 
I now… 
MORE than 
before 
The SAME 
as before
LESS than 
before 
Use the bus 
(including the 
guided bus)   
Use the car    
Walk    
Cycle    
Now go to Q16 
If respondent is USING THE BUS SERVICE: 
Q13 How has the use of the guided bus service 
affected the AMOUNT you walk, cycle or use the 
car or bus? Please tick one box per row 
I now… 
MORE than 
before 
The SAME 
as before
LESS than 
before 
Use the bus 
(including the 
guided bus)   
Use the car   
Walk   
Cycle   
Q14 Have you walked or cycled along any part of the 
footpath or cycle path beside the guided busway?  
Tick all that apply
Yes - I have walked beside the busway
        Go to 
Q15
Yes - I have cycled beside the busway        Go to Q15
No - I have not walked or cycled along 
the paths beside the busway 
      Go to 
Q16
Q15 How has the use of the footpath affected the 
AMOUNT you walk, cycle or use the car or bus? 
Please tick the appropriate box for each mode of 
transport 
I now… 
MORE than 
before 
The SAME 
as before
LESS than 
before 
Use the bus 
(including the 
guided bus)   
Use the car   
Walk   
Cycle   
ASK TO ALL respondents 
Q16 How would you have made this journey if there 
were no guided busway? Please tick all that apply
By bus or coach 
By train 
By car 
On foot 
By bicycle 
By another mode of transport  
I would not have made this journey 
Q17 For each of the following statements, please tick 
one box to show how strongly you agree or 
disagree. (Show card B)
The guided 
busway has 
improved… 
Strongly 
agree Agree
Neither 
agree nor 
disagree Disagree
Strongly 
disagree
The range of 
transport options 
available 
     
The regularity of 
transport services      
The reliability of 
transport services      
Access to local 
services       
 Local air quality 
     
Noise in the local 
area      
The quality of 
footpaths and cycle 
paths      
The behaviour of 
other passengers      
Your personal 
safety when 
travelling      
The cost of travel 
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About your health 
Q18 Overall, how would you rate your health over the 
PAST FOUR WEEKS? Please tick one only
Excellent 
Very Good 
Good 
Fair 
Poor 
Very Poor 
Q19 Do you have any long-term illness, health problem 
or disability which limits your daily activities or the 
work you can do? Include problems due to old age
Tick one only No   Yes 
Q20 Think about all the VIGOROUS activities that you 
did in the last seven days. Vigorous activities refer 
to activities that make you breathe much harder 
than normal and may include heavy lifting, digging 
and fast cycling.  
During the LAST SEVEN DAYS, on how many days 
did you do VIGOROUS physical activities? 
days per week  
Q21 How much time did you usually spend doing 
VIGOROUS physical activities on one of those 
days?
hours minutes 
Q22 Think about all the MODERATE activities that you 
did in the last seven days. Moderate activities refer 
to activities that make you breathe much harder 
than normal and may include carrying light loads, 
cycling at a regular pace or doubles tennis. Do not 
include walking.  
During the LAST SEVEN DAYS, on how many days 
did you do MODERATE physical activities? 
days per week  
Q23 How much time did you usually spend doing 
MODERATE physical activities on one of those 
days?
hours   minutes 
Q24 Think about all the WALKING that you did in the 
last seven days. This includes at work or at home, 
walking to travel from place to place or walking for 
recreation, sport or exercise.  
During the LAST SEVEN DAYS, on how many days 
did you WALK for at least 10 minutes? 
days per week  
Q25 How much time did you usually spend WALKING 
on one of those days?
hours   minutes 
About you and your household 
Q26 How old are you? 
Under 16 
16-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70 and over 
  
Q27 Which of the following best describes your 
working status? Please tick one only
Employed full-time (30+ hours) 
Employed part time 
Looking after home or family  
Unemployed or on sick leave 
Retired 
Studying 
Voluntary worker  
Other  
Q28 What is your highest educational qualification? 
Please tick one only 
 Postgraduate qualification 
Degree, NVQ4, NVQ5 or equivalent  
BTEC (Higher), BEC (Higher), TEC 
(Higher), HNC, HND or equivalent 
GCE ‘A’ Level, NVQ3, Scottish Higher or 
equivalent  
BTEC (National), TEC (National), BEC 
(National), ONC, OND or equivalent 
GCSE Grades A to C, GCE ‘O’ Level, CSE 
Grade 1, NVQ2 or equivalent 
Other qualifications 
No formal qualifications 
Q29 Do you have access to a bicycle? 
Tick one only No   Yes  
Q30 How many cars or vans are owned, or available for 
use, by members of your household? Do not 
include motorcycles, scooters or mopeds.
Write in number. If none, write ‘0’   
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Q31 How many other people live in your household? 
By this we mean people who have your residence 
as their only or main residence? Write in number 
Children under 5 
Children 5 - 15 
Adults 16+  
(Please do not include yourself) 
Q32 Does your household own or rent its 
accommodation? Please tick one only 
Rents it from the council, a housing 
association, or a charity 
Rents it from a private landlord or letting 
agency 
Partly owns it and partly rents it (shared 
ownership) 
Owns it (including buying with a mortgage)
Q33 In the last seven days, what modes of transport 
did you use most frequently on the journey to and 
from work? Please tick all that apply 
 Did not travel to and from work
Guided bus 
Bus  
Train  
Car 
Motorcycle 
Bicycle 
Walking  
Other 
Q34 What is the postcode of your home address? 
  
OR
 Street Name, Town 
I agree that the information gathered about me 
can be looked after and stored by the MRC 
Epidemiology Unit or in a secure data storage 
facility for use in future related research projects
I agree to be approached again later to be invited 
to participate in optional additional studies on the 
basis of information gained from the current study. 
I note that I will be provided with full information 
about these additional studies, when and if I am 
approached again. 
Contact details 
  
Name: 
 Postal 
Address: 
  
  
Postcode: 
  
Email 
address: 
  
Telephone 
Number: 
  
Signature:  
Date: 
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Appendix 5 Vignettes for qualitative interviews
Vignette 1
I mean it’s really in the last five years my attitude’s changed to public transport. There’s a very good
bus route, coming into the centre of Cambridge so I either take the bus or cycle in to work, depending
on how the weather is. When the weather is not nice, the bus that I take leaves at about five past
nine and arrives here at half past nine-ish, depending on the traffic. And I do that so that I can take
my son to school for nine o’clock and then take that bus. It was a real change in my behaviour when
they introduced these buses. The old buses were a lot less comfortable, they didn’t have any air
conditioning, so I often felt sick when I was reading on the bus, these buses have air conditioning,
they’re very well kitted out. They’ve got lots of leg space and plug sockets for you to plug your laptop
in. And by having access to the internet, I basically start work as soon as I get on the bus. I opt for the
bike in the summer because I’ve always enjoyed cycling. I’m not someone who will exercise for the
sake of exercising, I don’t enjoy it and don’t tend to stick to it so doing it this way, as the commute to
work, it means that I’m doing exercise consistently for a reason and I’ll stick to it.
Vignette 2
The last few years I’ve been driving and I love driving, I drive everywhere. Having the car gives you
much more freedom, especially with a child. One reason for driving is a lack of ideal public transport.
Deciding between driving and other options is like a balance between the convenience of a car which
can literally get you from door to door, with trying to do the green thing and taking public transport
or cycling. I didn’t always drive everywhere, I used to cycle to work from a park-and-ride, until a few
years back when I fell off my bicycle and now my wife won’t let me cycle in town. Comparatively
cycling is not actually much different to the car because I’d still leave the same time and I’d probably
arrive at the same time because of that last bit coming into Cambridge the traffic is probably
comparable. It’s just the slight inconvenience of cycling and having to change when you come
to work.
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